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PREFACE. 



The following work is submitted to tlie Engineers and 
Mechanics of the United States by one of their number, 
who trusts that it will be found a convenient summary, for 
reference to Tables, Results and Rules connected with 
the discharge of their various duties. 

The Tables comprising the Weights of Metals, Iron 
and Leaden Balls, Cast Iron and Copper Pipes, &c., were 
calculated expressly for this work, and from specific grav- 
ities of the different materials taken for the purpose. 

The want of a work of this description in this country 
has long been felt, and this is peculiarly fitted to supply 
that want, in consequence of the adaptation of its rules to 
the metals, woods, and manufactures of the United States. 

Having for many years experienced inconvenience for 
thev f mpl f bl d 1 ly P 

calM 1 h 11 lb f f 

theigl d gl fAn mnllas 

iiidu d mjhlb dh p nm ta 

h 1 w k 

f h i rts f 1 g d 

boilerB 11 b f d d ft m ally 

from hEglhl b ly bdpo 

the actual leaults of the most succesBful experience, I do 
not hesitate to put them forth, being well assured that an 
y.ilherence to them will ensure both ai 



cessa y 



The principal sources of information from which I have 

:ompiled are Adcock, Grier, Gregory, the Library of Use- 

A2 



fill Knowledge, and the Ordnance Manual ; and to the la- 
bours of t!ie authors of these valuable works I freely ac- 
knowledge my indebtedness. 

In my own efforts, I have been materially assisled by 
the officers of the West Point Foundry Association, who 
liberally furnished tne with the means of making such ex- 
periments as were considered necessary ; and to the Engi- 
neer of that establishment, Mr. B. H, Bartol, and also to 
Mr, Chas. W. Copeland, I am indebted for much valuable 

To the Young Engineer I would say, cultivate a knowl- 
edge of physical laws, without which, eminence in his pro- 
fession can never be securely attained ; and if this volume 
should assist him in the attainment of so desirable a result, 
the object of the author will be fully accomplished 
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We have seen a proof copy of Haswell's Engineers' and Me- 
chanics' Packet Book., and approve of its design, which in extent ex- 
ceeds that of any of its class : a work of this description has long 
been wanted, apd ii'e are satisfied of its usefulness and application. 

EoBKftT P. PmnoTT, (\ JV. r. 

B. H. BiBTDL, J 

J.HES p. ALLAIKB, J „„., w.„ ., J. y 



.HiTKR, Fhasil Fmrndry. JV. Y. 
Co.. JVot^u Worij, A", r. 



Decemicr, 1843. 

We concuj' in the abave, having used a copy of HastneU's En- 
gineers' and Mechames' Pocket Book. 

WibLUM MAVKaniEn. Captain Ordnmei Curpi, U. S. A. 
William J, Tottbn, 1 SUma En^ns MamftUarert, 

August, 1844. 

We concur in the above. 



March, 1846. 
We concur in the above. 



r.0y. 



We take pleasure inaddingournamesto the list of recommenda- 
tions of Haswdl's Engineers' and Mcchamce' Pocket Book, which ws 
consider Che best of the kind. 



Ma, Pmn. 



I. f. Bionnia a; l-o.. j p^jjj^^j,^ 

With much pleasure we add our testimony to thfe value of Jfot* 
adCa Engineers' and Mechanics' Pocket Book, which we are gratified 

to learn is about to be published in a SMi edition, as each succeed- 
ing issue contains valuable additions to the preceding 

There are several valuable English works of this description, but 
the peculiarities and differences in this country render his a far 
more useful book ; we consider it, in fact, an almost indispensable 
pocket companion. 

MuKEAY & HiatEannsT, r-alcan Wm-ta. BalUman, Md. 

We concur in recommending HasvieWs Engineers' and Mechanict' 
Pocket Book, and consider it a very useful and valuable work. 

A & C RiEMK, i SUtm. Engine Masnfaclsrcrt, 

In the daily use of Haswell'a Engineers' and Mechanics' Pocket 
Book, we concur in the reoommendalion of it as one of very gen- 
eral reference and great utility ; it is an indispensable pocket com- 

Reibks, Neifik & Co., Peim Works, KoaiBglim, PiS*. 
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,ANAT10N OF 



r= Equal to, as, 12 inches = 1 foot, or 8x8 = 16x4. 
+ Pius, or more, signifies addition ; as, 4+6+5 = 15. 

— Jtfmus, or less, signilies subtraction ; as, 15—5 = 10, 

X Multiplied by, or into, signifies multiplication; as, 8X9^=72. 
.+ Divided by, signifies division ; as, 73-^9 ^ 8. 
. ; Is to 1 p^oporfitm ; as, S : 4 :; 8 : 16 ; that is, as Zisloi so is H 

vS ! »■=• 

.y Prefixed to any number signifies that the square rool of that 
number is required ; a9,./16=:4; that is, 4x4^16. 

^ Signifies that the cube root of that nnmbei: is required; as, 
^64 = 4; that is, 4X4X4 = 64. 

' added to a number signifies that that number is to be squared ; 
thus, 4°, means that 4 is to be multiplied by 4. 

' added to a number signifies that that number is to be culied; 
thus, 4',is = 4x4X4 = 64. The pniwer, or number of times 
a number is to he multiplied by itself is shown by the nmn- 
bev added ; as, = ^ ^ *, &c. 

— The Sai- signifies that the numbers are to be talien together -, 

as, 8^+6= IS, or 3x6+3^=34. 
Dedmal point, signifies when prefixed to ^ number, that that 
number lias a unit (l)for its denominator; as, .1 is^j^, .155 
is J/i^, &o. 
I/- Signifies di^erence, and is placed between two quantities when 

it is not evident which of them is the greater. 
° Degrees, ' minutes, " seconds, '" Ikirds. 
< Signifies angle, 
a~^, a—', tt^^, &o., denote inTcrse powers of o, and are equal 

to i. 1, A, &c. 

7 Is put between two quantities to express that the lormer is 

greater titan the latter ; as, al b, reads a greater than b. 
i Signifies the reverse ; as, o t b, reads a less than b. 
.•■ Signilies iftere/ors. 
- . ' Signilies because. 

( ) PaxenHieses are used to show that all the figures within them 
are to be operated upon as if they were only one; thus, 
[3+-3)x5=36. 
p is used to express the ratio of the circumference of a circle to 

its diameter = 3.1415936, iScc. 
A A' A" A"' signifies A, A prime, A second, A third, &o. 
axd, a.d, or ad, signifies that a is to be milltiplied by d. 
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NOTATION. 



5 = V, 




A less character before a greater 


s=vr. 




diminishes its value, as IV = I from 


7=:vn. 




V, or I subtracted from 5 = 4. 


8 = vin 






9 = IX. 




1 A less character after a greatorm- 


10 = x. 




\ creases its value, as XI = X+I, or 


!!0 = SX. 




(10+it=ll, 


80 = XXX. 




40 = XL, 






50 =L. 






80= LX, 






To=iax 






80 = LXXX. 




90 = XG. 






100 = 0. 






50(1 = D,o 


10. 


For every annexed, this be- 
comes 10 times as many. 

For every C and 0, placed one at 


1,000 =M,o 


CIO. 


each end, it becomes 10 times as 
( many. 


2,000 = MM. 






5,000 = V, or 


100, 






6,000=^1. 








10,000 = X,o 


CCIOO. 






60,000 = L, or 


inoo. 




A bar, thus — , over any 
number, increases it lOOO 


60,000 = LX. 






times. 


100,000 = 0, or 


CCCIOOO. 




1,000,000 = M, 


CCCCIOOOO. 




a,ooo,ooo = MM;. 








Examples.— 1840, MDCCCXL- 


18560 


XViriDLX. 
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UNITED STATES' WEIGHTS AND MEASURES. 



Measures of Length. 


12 inches =^ 1 foot 
3 feet = I y^rJ 
5i yards = 1 rod 

40 rods = I furlong 
8 furlongs — 1 mile 


198= I6i= 5 
7920= 660 = 3S0 
63360 = 5380 =1760 


A hair's breadth is thp ISth oj an mch 


Guraer's Chain. 


7.93 inches = 
100 Units = 


1 link. 

4 rods, or 33 yards. 



Ropes and Cables. 

6 feet := i fathom. 

130 fathoms ^ 1 cable's length. 

Geographical and Nautical Measure. 

1 degree of a great circle of the earth ^ 69.77 Statute miles. 

1 mile = 3046.68 yards. 

Log Lines. 

1 knot =51.16SS feet, or 51 feet 1|+ inches. 

1 fathom = 5.U635 feet, or 6 feet lj+ inches. 

Eatiraating a mile at 6133J feet, and using a 30" glass, if a 3S' 

glass is used, and eight divisions, then 

1 knot =: 47 feet 9 + inch^. 
1 fathom =- 5 feet 11| inches. 
The line shonld be about 150 fathoms long, having 10 fathoms 
between the chip and first knot for stray line. 

tlo-!S.—B(l>^tti:h givsa S\W fra in a sra mile, wkich. if taken as the length, vill 
„^ the division, ilfiela^db J-lO/erf. 

Cloth. 
1 nail = Si inches =; J^th of a yard. 
I qiiarter = 4 nails. 
5 quarters = 1 ell English 
Pendulums. 



Shoemakers'. 
,J inches in length, and every succeeding number is J of 



WEIGHTS AM) MEASURES. 
Circles, 



60 minntes = I degree. 
3e0 degrees =; 1 cirele. 



SQfiOOO = 31600. 
.003739 of a year. 
.000694 of a day. 



1 palm = 3 inches. | 1 span = 9 inches. 

1 hand = i inches. \ I metre = 3.28174 feet. 

The Btanilard of measure is a brass rod, which, at tlie tempera- 
ture of 33° Fahrenheit, is the standard yard. 

The standard yard of the Slate of Sea-York bears, to a pendulum 
vibrating seconds in vacuo, at Columbia College, the relation of 
1.000000 to 1,086141 at a temperature of 33° Fahrenheit. 

1 yard is . . . . .000568 of a mile. 
1 inch is 0000158 of a mile. 

Measures of Surface. 
144 square inches = I sgnare foot. I lucta. 
9 square feet — 1 square yard. | 1396 

30i square yards — 1 square rod. 



3O97B0O = lO34O0 = 3E 





24 sheets = I quire. 1 a*™. 




20 quires = I ream. j 480. 




Drawing Paper. 


Cap . 


13 X16 inches. 


Colnmbier . 33| 


Demy . 


lOiXlSi '■ 


Atlas . . 83 


Medium 




Theorem . 34 


Royal . 


34 X19 '■ 


Douh.Elepliant,40 


Super-royal 


37 X19 " 


Antiquarian . 53 




39 X3U " 


Emperor . 40 


Elephant 


S7|X33i ■' Uncle Sam . 48 




Measures of Capacity. 




Liquid. 




4 gills = 1 pint. 1 G,ll^ Finh. 




2 pints = 1 quart. 8. 






The stand 


ard gallon measure 


231 cubic inches 



) MEASURES. IS 

8-3388SS3 avoirdupois pounds, ur 5S37S.1T54 troy grains of distilled 
water at 39° 83 Fahrenheit ; the barometer at 30 inches. 

The gallon of the Sioie o/JV«ic- Tori contains 331.184 oubiP inch- 
es, or B pounfls of pure water at its raasimuni density. 

'I'he Imperial gallon (British) contains 377,374 cubic inches 
Ihy. 

3 pints = 1 quart. 1 riaa, auuii. ciiiiodi. 

4 quarls =^ 1 gailon. 8. 

5 gallons = 1 peck. IG = 8. 

4 pecks — 1 bushei. j 64 = 33 = S. 

U. 8. Standai-d Bushel. 

The standard bushei is the Winchester, which contains 3150.45 

cnbic inches, or 77.637413 lbs. avoirdupois of distilled water at its 

maximum density. 

its dimensions are 18^ Inches diameter inside, 19jr inches out- 

eide, and 8 inches deep; and when heaped, the cone must not be 

\esa than 6 inches high, equal 8747.70 cubic Inches for a true cone. 

The bushel of the Slate of Nea- York contains 80 lbs. of pure water 

- - - "h density, or 3311.84 cubic incln'S, 

.8 cubic inches =: 1 foot. I tmiia. 

ir cubic feet = 1 yard. | 4i;aS6. 



Miscellaneous. 



1 chaldron = 36 bushels, or 67 SG cubic feet. 

I cord of wood .... 138 cubic feet. 

I perch of stone . . 34.75 cubic feet. 

Measures of Weight. 
Anairdupois. 
16 draclims r= l ounce. I nnihTm, Oiiil«i. toatb. 
16 ounces = 1 pound, | S5fi. 

ns pounds = 1 cwt, I 38673 = 1793 
30 cwt. =1 ton. I 573440 = 35840 =; S340, 

1 ib. = 14 oz, 1 1 dwt, 16 gr. troy. 
The standard avoirdupois pound is the weight of 37.7015 cubic 
■ s of distilled water weighed in air, at the temperature of [hi> 
— n density (89°, 83), the barometer being at 30 inches, 
Troy. 
24 grains = 1 dwt. i „„,„ „,,, 

20 dwt. = I ounce. 480. 

13 ounces = 1 pound. ] 5760 = 340. 

SO grains = 1 scruple. I arjim, Btnipici. onriimi 

3 scruples = 1 drachm. fill. 

8 drachma = 1 ounce. 480 = 34. 

12 ounces = 1 pound. [ 57B0 =; 288 = 96. 



16 parts = 1 grain = 0.8 troy grains. 
4 grains =: 1 camt = 3.8 




7000 troy graina = 1 lb. avoirdupoia. 
175 troy pounds = 144 !b3. " 
175 troy ounces = !93 oz. 
437i troy grains = 1 oa. 
1 troy pound = .euas+lb. 




Miscellaneous. 




cubic foot of anthracite coal from 50 to 55 Iha. 
cubic foot of bituminous eoal from 45 to 55 lbs. 

cabic foot charcoal . = 18,5 " (hard 
cubic foot charcoal = 18. " [pine 
cord Virginia pine . =3700 '■ 
cord Southern pine . = 3300 ■ 
Etone . . . . = 14 " 


wood) 
wood). 



Measures of Value. 



1 Ci 



The si 



of alloy, ir 

Relative Mint Yalue of Foreign Gold Coins, 
By Law of Congress, Augmi, 1834 



. Jdhanni 



34 18 






etdwl. ByAcloflBM, itsvi 



Mint Value of Forei 
1 Shinii^ 



Measures of Length. 

Unman. Vsrd isiefemd in a natural slandard, which is ths lenglli v< a pes- 
dulniD viliratiog Eecocils in vnnuu ID Jjuidon, at Ihs level of Ihs 



imSSV S Inchs). 



ue (coDiDiaa) . = 3AiSV.3.n^lea. 
Tadj.e showing the relative length of foreign Measares oomparsd 



Pi.u^ 


m™.™. 


V..r«. 


fw. 


w^™. 


Y>ri., 


^.ts. 


MiJe 


1^}^ 


a7 : ; 


Mile 


911S 


































































































Himlitth 




8244 








KclNH 




^a^ 


Turiiey. . . 


DertI 


:S28 



Measures of Surf ace. 

m,— 1 Square Inch . . = 1,1304 U. S. inches. 
1 Arpenl (Paris) . . = aoo equure loltea. 
1 Arp«Qi (woodEaDil) - ^i: lOOsqiiareioyFilperches. 

1 Hecnlate '. '. '. =Wt> aies. 
1 gguua Meire . . = iiXSS siinnro inches 
or 10.70^ square feeL 






Measures of Capacity. 

Tho /pnjierin^jii^ijm measures 277.374 cubic Incl 
avoirdupnis of disLitled WAIef> weighed jn air, 



Int^eriid btfshel =i 3218.193 CI 
*Heftped baBJui, 191 im. djam. 
1 chuLiInm = BBl&S cnbic (te 
) chaldmn (KewoMlle) = 59 



IS. high = flS15.4ST3 cu 



J .n •h- fmn. "f. Tr.,,^H.n* '. G(H)«^lc 





™. 
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400 
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da 
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p 




8444 
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80 
60 
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Sn 
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"„ 




T39 
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50 
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Ge 
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Measures of Weight. 



nards pivp^cd to them. TJai 
mm eifftes'ja the lOOOlh pn 



I Hecalo upies^ 100 nmei Ihe value 
I MjTio " iOOOB " 

e value of JVo^ W^i^his compared wjtli 















"- 


"*"- 


''i^i 


rtam 


W t" 


t 


Aleppo . . 




~WM 




Pound 


















RotcoU 




L^Tbom 


Pound 


133JX 


Alglen . . 




8t. 


LeiHic 


" (common) 


9711 




round 


fiolis 


^*d"ita 


(sflk) 


m% 








MMiia 


Miund 


33M 




Caily 




Uorea 


Pouid 


SOTO 


ffiS ; : : 


Sest 




Naples 






Pwiul 




Rome 


Pound' 




Bolofna. . . 






Eolterfiam 




nan 






9U.93 














Sklly 










lus! 




Oka 


3flol 










Ciiny 




China . ! . 






Sueden 


Found 
















CojHnliageii . 


Pound 




Tmgiers 


" (mlnert) 










Trpoll 


rotloli 


89JJB 


Oyptu! '. '. '. 




19.07 


TunU 




so 09 










Pound (heniy) 






Pound 






" (llBhl)' 








88.35 












93.81! 


Won w 




113 2S 


Hainbui-Kh! '. 













SCillPTUKE AND ANCIENT MEASURES. 

Scripture Long Measures. 



iX 



Aspan . 


= 1Q.9M i 






Grecian Long 


Measures 


A digit . 

JJS"-' 


= 1 0,0374 
= 1 I.5B84I 1 


A mile'™. 




AQreekofOlKinp«fti 
APylblcoro^turalfbo 


= olres '"' 




Jewish Long 


Measures. 


jpoiney . . =3648. 1 


^}sv^k 




Roman Long Measures 


A dlBlt . , =™'' ,'to575 1 
An nncia (Inch) =0 Ml 
Ai^Cfoi) '.=0 Jl.fl04 1 


Acubli . 



TiBLE fei finding the Distance of Objects at Sea, in Statute Miles. 



"S" 




Hoj,hli» 




HfiBjim 




BtisW id 




















•.688 


i. 


11 


4.39 


30 


7.25 


300 


18.72 




1,31 




4 58 


35 


7!83 


300 


22.9] 




1.87 


13 


4.77 


40 


8.37 


400 


2fi,46 




3,S9 




4,95 


45 


8.87 


500 


39.58 




3.63 


15 




50 


9.35 


1000 






3,96 


IC 


5.39 


60 


10,35 


3000 


59.30 




SM 




5 45 


70 


11.07 


3000 


73.50 




3,49 






80 




4000 


B3.7 




3.73 




5.77 


90 


12.55 


5000 


93.5 




3.98 




5.93 


100 


13.23 


i mile 


96.1 


10 


4.18 


35 


e.Gi 


150 


16.20 







The diffcTcnce in two levels is as the square of the 
Thus, if the height is required for 2 miles, 

r ;2= ;: 6.99 : 37,96 inchea ; 
und if for 100 miles, P : 100° : : 6.99 : 1.103+ miles. 
For Geographical mileB, the distance for one mile is 



Ex*wpi,B.— If a man at the foretop-gaJlant mast-head of a ship, 
100 feet from the water, sees another and a large shtp (hull to), how 
lar are the ships apart ! 

A large ship's bulwarks are, say 20 feet from the water. 
Then, by table, 1"" ' ' 



SO ' 



9.15 miles. 



Distance 

To Reduce Longitude into Time. 
Multiply the number of degrees, minutes, and seconds by 4, and 



.e product is tho time. 
— Required tl 



orresponding to 50" 31'. 



h.-i 23- 4 


Ans 


reduced, then 










1 



lultipiyiiig by 15 : thus. 



Degrees of longitude : 
their latitudes. 
For ncry 5" Ihey an i 



49,15 
45.96 
43.43 
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VULGAR FEJCTIONS. 'M 

VULGAR FRACTIONS. 

fsjirlli or B Coot, for 3 ts lbs quDicer or fotmh of 13. 

The Tenns of o IViicUoa eiptess bolh nuraermor wid denoinlnalDr ; as, 6 and Q 

^APr^«- Clion 1 epnmem r eq , or ess n 

An rniprspsr ftaclion 1b Ui8 reverse of a proper ons ; aa, f, &c. 

A JHiis^frocUonisaeoinpoundofawholonmnberondnrrjctlQn; as, SJ, &c. 

A OtiKfimud ftaclioa ia the fracii™ of a fracllon ; as, i of J. tc 

A Omfito ftacl' '■-■ '— - "—■'-- *■■■-'• ■ ' ' 



"'Zf''l2klili..^.,i.^.^.,. 



REDUCTION OF VULGAR FRACTIONS. 



.—What is Ihe greatest coi 
D30) 1908 la 
1373 
36)936(3 



)lTld^tho«™ndltaBa> 
, mulliplB tfWred. 


.'.) H.IO. 5 


,50, 




3) fl. 3. I 











G(H)«^ Ic 



Sti VULOil IHAOTZmS. 

To reduce Fractions to their loioest Terms. 



To reduce a Mixed Fraction to its equivalent, an Improper 
Fraction. 
NOTB. — Wiztd and imprapir fractitma are the same; !iiu, Sj = y . Kb- Utm- 
ifatien, see foil/twin^ evarapks : 

Rui«.~Multi)ily Ihe whole niimbor by Ihe dendminalar uf Ihe fraiOdn, and 10 
Ihsi^uctiiddthenuinerauir; Uien sel IliDI sum nboTe Ihe denonilnator. 



ax9 = '!2; Uien 1^ Hie answer. 
To reduce a Compound Fraction to an equivalent Simple one. 
ber fbr a numerator, and all Ihe de- 

lofiofSWasimplefHclion. 



BmwPtE.— Reduce 1 of J of 
To reduce Frac, 
RuLi.— MulUiily ea 






NoTR. — iit thia. OS m <l'f dIAbt opei-flii™*, ipAoffl ttumbers 
fratUmt, niiist first bi rrfucEd to the ferm 0/ simjifc fraction! 
1JHP1.K^ lx'3X4=la) ,, ,, ,„ 

3X2X4= 16> =i^= if = If AV3. 
3xax3=18S 



VVLQAE FHACTIONS. 
To reduce Complex Fractions to Simple ones. 

«F[.B.-^in.pllfy Ihe complei ftnctipn ^. 

ADDITION OF VULGAR FEACTIONS. 



,E--AMiofirf^ioa^ofi. 



SUBTEACTION OF VULGAR FEACTIONS. 



MULTIPLICATION OF VULGAR FEACTIONS. 



Biuin*.— WballslliepniduolofeanclSof 
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i OF jiEllCCnON Of VUL&AK FRACTII)JJ& 



DIVISION OF VULGAR FRACTIONS. 



To find the Value of a Fraction in Parts of a -whole I^aritber. 
UuLE- — Uultiply the wbole Dumber by the niiineraLnr, and divide by tJic dcnom. 

ry , ^0 nhall Ihe qiiotienrs placed lo order be tho value of Tho Tracllon Tequiied. 
EHMPI.C.— Wbal is Uie value of J of S of SO' 

iof = = g)fS= 'j?=83 j™. 



To reduce a Fraction from one Denomination to another. 
luLK.— Multiply Iho number of pails in Uie neil less clenoniinalor by Ihe ou- 



» ? of a cwl. 10 (he fraction of a lb. 

» S of S of B ""e lo Iho fraction of a foot. 

» j of u equora Ibot to the fracfion of an inch. 



DECIMAL FRACTIONS. 

loony olphws annexed nathe nnniemtoi hospiacca; ills usually eipresucd by set 
lidg down tlie nrnneroloi only, Willi a point on tlie left of it Thus, Jj Is .4, ]-','( 
in .85. ■^^^■^y la JWT.'i. and -nVVfii! ^ .MISS- Wlien there is fl delidency of (ig- 



ADDITION OF DECIMALS. 



, bc^nniiig at Ihe light linnd, m 
BgelheiSS.JM.M.lfl, 1.S75, ai 



MOLTII'LICATIOM OF DECIllALS. 



A\spom of Ihs rest of Ibe ligiires Ir 
plAced In, TheD, In iniiltl[fly\ng, n 

hand IhoD each mulUpLyinij Jlgure. t- 

}iaiid flAUTfla may MI in a colaitin suralghr 



I retain onli/ as many Decimal 
\y be iltotight necessary. 
Lplior under the figure of Ibe nulli)^ 
■nlnuy order \r ""'■— •'- 



\o BhM they aji 

LDlhot 



to (he ilghi 



G(H)«^ Ic 



UiiCIMAL FE ACTIONS, 
illiplr 27.H98I) by M.41035. and retain only Ave places of ded- 



D1V13I0N ( 
Rule.— Divirte m In whole numbers. anJ poinloff In Ihe q 






if Ihera are not so oiany places, supply tbe liefMenty t^ prefixing etphetB. 
BiiMni.— DiUde 53.00 by 8.75. 

6.TS).K.eO( = 7J51-f. 

BY COKTR ACTION. 

Rule.— Take only as many figures of UiB dWsor as will be equal lo Ihe Dunbei 
ol figures, boih Inieeers aud declmaiB, 10 he in Ihs quotieni, nnd Snd how many 
times Ihoymay he conlaiaedin the firsl Bgunsof Ilie dividend, as usual. 

Let each remnlndsr be a new dividend ; and for eveiy snch dividend leave mil 
one figure more on ihe rlghi-hejid side of xhe dtvisor, eanyhit fiir the fianres cut 
offaelnConWacUonofMulliplioalion. ' / i "« 

llaTB.—Wlit<ttliirs are not m many JigKres in tie dhisar na are rtquirad U ti 
egual to Ikose Temg,inijt£ iobt found in ths gnotient, i^Or vAi^be^n the eontrattion- 

Ek*mple.— Divide 9508.92805 by 92.41035, so us lo have only four placea a! Jeei 



02.410315) 8508.928106 ia7.1M8 



ElAHFLt^WbU is the contenl of .140 cubic feet In inches 1 
JTJg cubic Inches In a cubic fopl. 
MLilSO ^jj. 24i._op» cubic Inches. 

BiiiiPLii.— What is IhB value of .00139 of a fool 1 

jlas. .D1548 Inches. 
EjiwH.E.— Wliat Is the value of LOTS (ons in poojubl 

.^u. 3408. 

To reduce Decimals to equivalent Decimals of higher Denomina- 
Kuii.— Divide by Ihc number of imrls in tho neilhiEbei'ileniiinlnnlioii, conMn- 



.33066', &c„ ^i,!. 



[ 1.97^ &c., yatda, ^M. 
RULE OF THREE IN DECIMALS. 

:.K.— If i a Ion of Iron coal J of a dollar, what will .035 of a lot 



j:;M ^ 
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30 DLFODECIHALS. 

DUODECIMALS. 

RuL£. — Bel down Uie dimensions id be mnltiplied logelliet, one under the eUier, 
BO IFinT feet may atand under fbeL, Inches noder Inches, ^■ 

MulUply eocii term of the muiaplLcand, beginnii^ ai the lowest, by ihe feel in 
Ihe multiplier, and set the result of each Immedialfily under its corresponding 

ply all Uie mulllplicnDd by the luchea of the multiplier, and then by the tweinii 
niuitipllet. ThBsuiuoflhBpniductgiatheiinswer. 
EiAUPLt.— MulUply 1 foot 3 iachea by 1 toot one inch. 



.—Multiply 30 feet ejini 



raile showing ihe value of Duodecimals in Square Feel, and 
Decimals of art Inch. 



RULE OF THREE. 

As 3^ is' ;;l'oT ™ ^ ngmns ^^^ ^ 
build a MtUiin quanltly of wall io 10 daj™, in how msny days wi'll 8 mep build the 

S: T::3: ^tis. lOi. 

"of *'e 'oitw ^ nmnbe/s nlcessaty fm Ihe slating, two of Ihem conlain Ihe 
BuppoBitiOD, nod th« third a demands 

tton as that tiie ansiver, or 4lli lerin, is wt be, making the demanding ngn^ter the 



fioiz.—rftkiJiTtt sndlftird tenxs are of differexl denoniivationa. ridiue Uesi U 
Me same. Jf, a/iir divinm, lisre 6s my rsmaixdn; reduce ii tv the KKtt loatr ie- 
nomiiuuioit, and divide by the same dimaor as b^ore, asd the quotient tpill be of lki9 

Sojaniwiea tow or jaore stalings are nfeeasary. jBAich may altcaj/s be ^^nmnt b^ tJu 






EiiHFLi i.—lt the Iblid of ^i be three, what will the fourth of m 
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COMPOUND PEOPOETION. 



la dig 51 feet In 6 days 3 

SlVil . , . As 54 ': XO': : IM ; 



SMDud . . . As lO*; 8J07 ; ; ii'i 9.0084 Axi. 
and 3'd"^?'iii how man'ydays of X hours will fiO men DiiHd n wall STOfeM long, 8 



INVOLUTION. 

IHVOLSTIOH Is the mulUpljlng any i .- ._ 

The ptoduolB oblained are culled Powbbb. The i 

When n number in mulUtilled by llself once, (be pmducl Is Ibe squure of thnt 
number; twice, the cube ; three times, the liiqiiadraie, 4:c. Tbns,Qf the numborS. 
5 is the Knot, or Isl powet. 
5X5= S5 " Squore,(ir3dpower,andiseipresscil5". 
5X5X5 = Its '■ Cube, or 3d pawei, and Is eiptessed 5'. 
5X5K5X5=Sa5 " Biqiisdralfl, or 4lh power, und is expressed 5'. 
'Vhe Utile figure dcnoUog the power Is culled the Ikdix or Eipohebt. 
E«HP[.K.-Wtot Is Ihe cube of 9 ) ^<l,. 739. 

EijMri.it.— What is the cube of} I ^ns. f J , 



EVOLUTION. 

BvotunoB Is finding the KonT of uny numbef. 

The sign V placed lefbrs uny number, indicates the square tool nf ih 

The suine character expressoa ciiy olber root by placing the indei sbn 
Thus, J^=5.and4+S=v'3S. 
And, 4OT=3,und5rtM= 4. 



Ruti.— Point off the glvei 



be dividend, eiclusive of the right-hand figure, 
01 the rinhl hand of the divisor. 



MulUply Oie divisor fty Oia iaM quoUeiil figure, end sublraci the ptodact fron 



t.— What is lUa square lool of 13 ! 

SQUARE ROOTS OF VULGAR 



iMPiE,— Whatistha square rnoiof ^1 



number, aod call it tlie aasomed diibe. 

Then 3a.y« DR the glveji number Ftdded to twice the assumed 
the required root, nearljf. 

Ff oding BB above. aTkolher root will be fiund b^I nearer ; and i 
as tui S9 may be deemed necessary, 
EiAMFLE.— What is Ihe cube root of 10517.9 J 



31996 aW3^ 



To extract any Root xshalswer. 
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:. PEOGRKSSIOK. 



AKITHMETICAL PROGRESSION. 

ARiTHHiiTicj.!. Frocression IS a acilcs of uuinbcrs laueesine oi decreasltig In 
a consuuil nuiiibet or dUTerence; as, 1, 3, 5, 7, 9, 15, ]% fl. s, 3. Tde nuiBbcn 
wJiich Ibfui Uie series ure called Tmna: Uie Brat and last an called Ibe Ex- 

Whan any liaen ot Ihe follawlDg patu are glien, Uie reoiainine Wo can be 
luimd, viz. : TlK Flrsl lenq, tlis Last lean, tbo Jfimicr ol lerins, [tie CoMuaH 

IVAen iic First Term, the Common Difference, and the Number 

of Terms are given, to find the Last Term. 

RuLit.— Muliiply Ihe nuinboi of terns less one, by the commnn diflerence, and lo 

18—1x5+3=58 Ana. 

When the Nvmber of Terms and the Eatr&nes are given, to find 
the Common Difference. 



When the Extremes and Number of Terms are given, to find the 
Sum of all the Terms. 
Rule.— MulUpl; the uanibet of IBtma hy half the sum oT the eitiemea. 
Eifi.uPLE.— Hon many Uines does Ihe hamma of a clock EldUe In 13 Jiours } 
12X(13-7a) = '!8 ^nj. 
When Ihe Common Difference and the Extremes are given, lofind 



To find two Arithmetical Means between two given Extremes. 
Rule.— Sqliltnct the lesaeicrems ftoni Ihe greater, nnddivldB Ihe dlfferoncs b)' 
Mlreme, or laken froni the greater, will give the means. 



GEOMETIilCA;. PEOQE ESalON. 

GEOMETRICAL PROGRESSION. 

.JCXL Pbooression is any aerio? of nuiubora cunlinually in 

ani inulllpUer ot divisar )a the ItiTiu. 

y Uiree of Uio iiillDwing paris oie given, iho leinainlng i 



Multiply tngeilier Iho lerraa of 
iiiid tbe prodoct, multlpHed by th 



Biioa,"! 



Tetms. 1, a, 4, 5 16, 32, 04, 

i2exa3x3ww(4xa=4i9t3Mj<i=*i 

>d lo In 18^4 Ifil'tiscl doubleiiuelf every 13 ye 
1S34~103U = l»44-!l= n.l7+l 



sxixsxisxia 



I, io, las, ]+»+: 



-3+4+7 = 17 
=$1,310,72 J 



K.— If a mRn were to buy IS hor«% BlTlng a cenlB fur Uie flrat hor 
= 531441— 1 = 5SJ441M-(3-l) = 3=315720X2=! So.314.4BJm. 
another Method, Hie grialer Extreme being inowH 



■! Jatw, may he titved by i>wjx.i-(i 













t^ 


















































33 


U 


81» 


a? 


lfel7S 


i,5¥i, 



i, ;/ lie JMIHI*''' ^ fejTBS CT- 



33554432 
K^17738 



PE K M UT ATION — COMBI N ATKl N — P OS ITIOH . 



3M7433648 
17173S6B184 



214877006944 
549733813883 
1099511637778 

siasce;@33333 



WU74m6710B^ 



PERMUTATION. 



lXaX3X4X3X6X7xax9 = 



COMBINATION. 



Et product tiy the fbrmErT end Ihe quotknL i 
imUn^^ns may 



I X 3X 3X4X5XBX7 — 5IM0. 
13X11X10X9X8X7X6 = 

10X9X8X7) 






iG supposed numbet lo Ihc 
way m bonis i. J, and i of 



% and Chat prodnct added to halfthe years 1 have lived, ihe nam wlLL be 73, How 



DOirULE POSITION. 



SELLOWSIIIP— DOITBLE FELLOWSHIP. 'il 

IVnns of ibe quealioa ; niuLUuJy the resuKs or envfs b; ihs conUaiy HupposiUon , 
lliBl is, the flrsi pugiiion li; Ihe lost snor, and (lie Iu91 posllkm by Ilie Am error. 

If Ihe wroK be luo gtent, mait Ihem 4- ; onii If loo liiiJe, ~. 

■llien, !f the etror.i iiro lUikc, dlnde tU dfffmnce of Iho (iiodacis by the differ- 



flthe 


.«»iof 


die producis 


by the 


urn 


d^ 


dli^'' 


ii$300° 


W 


r«i, 


"be 


or 


^lim 


es 








and 
















FELLOWSHIP. 

1 Of ascertaining golas or lupsefl of individuals engaged ni 
ick la la Ihe whole gain or ^oss, ao is couh Rliare la the 
iw a prize In o lottery, of C9.5D0. A pM $3, and B paid 



DOTJBLE FELLOWSHIP, 

Or Fellowship with Time. 

Rule.— Miilllply each share liy the «me of its , interest in Hie Fellowship ; then, 

EI111F1.E,— A siiip's coinpany lake a pHze of «10,0Oa, wlili^ they divide accord- 
Irig Ulhelrrale of iray and Uuie of service on boord. The olflceta have been eu 
board 6 months, and the men Smoolh:: the pay of Ilie lieuieiiitTile Is JlOD; mid 
ahlpmen 1»0, and men SID per month ; onil there are 3 lieutenants, 4 niidshipinen. 



ALLIGATION. 



When the Prices and Mean Piice are given, to find wliat Qim 
of each Article must be taken. 



•\k\. 



]% gt 43 ce 
= 18, at 73 ce 



Pnoor.— i3X4a+iaxs4+i3xra= 2jai-=-i2+ia+ia+a = fio- 

Should it Urcfuired lo mix a dr^nili eaantity cf aiiy ane nrlic/t, tAe qjiantilies ej 
tntS, determimdiy Uui ainmervlc, miietbc incraiacd or dcoreiised in the pntpoHim 
tJtep bear to lAe d<^ijt£d qvantitit^ 

Ttiiia, hnd H been i«qi]ired to uiiir 13 pDunds Ht 46 ccnu, the Tcauli would ho if 
ni 43, 18 at S4, and 37 Bt 73 cents per pound. 

.Bgaiity kAbu tAe ZEhole eo-a^oaiti^a is timitfd, say, 

EiAHPLB. — Weta 100 pounds of Ibe above mi ^ Lure wanting, the resuU would bt 



nOMPOCND INTEREST. 



Van. 


6p«c.t. 


6p««nr. 


Vb~- 


Sp««„l. 


6p.,«nt. 


i 


1,05 


1.06 


u 


liinaio 


is 














1 


j'It^ 


1538*! 


17 


siS 


ara^ 




isnm 




J8 


2^601 


S^S433 


I 




1:^4 


19 








lissisa 


i.iJS94r 








]\ 


I.628BB 


l!sB33» 


M 


aaasaa 


3.60353 



j(Vie Time, Rate per Cent., and Interest being given, tn find tile 
Principal. 



The Principal, IniereM, and Time being gicen, to find the Bale 

psr Cenl. 

Rule.— Divide the given intersal, by Iho hilerenl of the gi>tn sum, Air tlio time, 



EQUATION OF PAYMENTS. 






710 ) iaj» (17+ days. .Stu. 
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ANNUITIES. 

The Annuiti/, Time, and Rale of Interest given, to find the 
Amount. 

lutE.— Ratee Ibo ralio lo a power dengied by ihe tiiue, fiom which subltsct 1 , 
will give Ihe aniounl. 



Sper 



NoTI.— (P or ^1 added lo Ihe given rate per ccat. is He ratio, and 
tailc in Compound interest ic a taili of ralioa. 

EiAMPM.— Whal ia Ihe amount of aa apnu^ pension of (lOO, 
IJ»rB«oTlh=jil.0S' = l,ai5SW5-l = .ai55(ie25-i-(J-05— l).0!i 



The Annuity, Time, and Sale given, to find the Present Wnrth. 
Rule.— Find ihe value of it for the whole time ; and this miiount Ji.ided by ihs 

EiiHFLE.— Whal l9 Ibe present wotth of a peoson otsalGiyof950l),toconlmue 
10 yeam at per c^L ootapound InteraBt t 

$501), hy the lust rale, Is wortll H9W.39T^ which, divided by 1.06><i (by inhle, 
pai8^lBl.TS0Bt)=«3raa.D5 ^tu. 
Or, by [he fbllowhig lable, milllipl)' the tabular numliBt by (tie given aimuilj-, 
[Did the pTodoct will be the present wwth : 



7,10783 
asOGJl 



9.7iBS5 
10.47726 



iissfm 



13.40610 
13.59073 
13.76483 



es do nnl . 



In period of lime, they sr 



To find the Present Worth of an Annuity in Reversion. 
Rule.— Take two niunbeis under the rule la Ihe above uble. viz., thai o(ipo* 
lite the sum of the iwo^ien times and Uiolof the time of leveisiou, and njoltiply 
th^ dlfifirence by the annuity, and the product ts the present worth. 



S yeara 



e.aisTS 



:n5.05-.^^. 



— CHEOKOLOGICAL PROBLEMS. 

y poymenB, the amoiml for the given Hins, 



PERPETUITIES. 



PM!.— What Is llie preaenl woHJi of a $100 annuity, payable aeml- 



it. = XH595(fWiiB taljle)X50= lT7.a3 
ipuund jnleieEt, woald produce Sim 



CHEOWOLOGICAL PEOBLEMS. 

The Golden Numlier la a period of IB yeats, In nrhJcli Ihe chenges of th 

To find the Golden Number, or Lunar Cycle. 
Rule.— Add one to the given year; divide Ihe Eiun by H, and the lemn 

NOTI.— J/ remain, H mUl H 19. 

EuMPLK.— What is the golden number for 1830 ! 

ie3iH-l-=-19=BB rem. 7 .ans. 

To find iheEpact. 

17, and to this product add the quotleut. multiplied b] 

iy !S, muldpl;ing the golden number by 11. ftom which eubi 

EiiHPLB,— Eequlred the epact foi laso. 
Cenlurics. 18+4 = 4.2 3x17 = 34. 4X43 = 17S+3*=206+S0=aaa-f^ = ll, 
IJoldBQ number, aa ascciiained ahoye, 7X11 = 77—11 {XaO. quollenl) = 68, r^ttng 

BliMPLE.— Whnt ia the epwil for 1839 1 .Au, is, 

Hrvml,,. Google 



TABLE OF iJi'ACTS, 
TO FKflD THE MOOl"' 



LKTIEES, 



Numbeis cj the Month 



TtBT.iiBfEpiiils,D0minkBlLeUers,amdanAltaaruii:,fTinal776lolBlb. 



"nvlSite'r 




yh,. 


■'""'■'■ 


sr' 


""""'" 


.„, 


I 
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S C|UBST10^S. 
KfiHPU.— The uteHl dre oecurted In N«w-Yorli on Ihc 



PROMISCUOUS QUESTIONS. 

1. If $100 principal gain S5 interest in one year, wliat amount 
Bill gain $W in 8 months ! 

As IS months : 5 : : 8 months ; 3.33, the interest for 9 months. 
And, as 3.33 :: 100 :: 30 : 600 the answer. 

2, A reservoir has two coeks, through which it is supplied ; by 
one of them it will fill in 40 minutes, and by the other in 50 min- 
iites ; it has also a discharging cock, by which, when full, it may be 
emptied in S5 minutes. If the three cocks are lefl open, in whai 
[ime woold the cistern be filled, assuming the vetocity of the water 

The least common multiple of 40, BO, and 35 is SOO. 
Then . the 1st cook wiU fill it 5 times in 300 minutes, 

theSd " 4 " 200 " 

or both 9 times in 300 minutes ; and, as the discharge-cock will 
empty it 8 times in 200 minutes, then !)— 8 = !, or once in 3.20 
iiours, Ans. 

. 3. Out of a pipe of wine, containing 84 gallons, 10 gallons were 
drawn off, and the vessel replenished with water ; after which 10 
gallons of the mixture was likewise drawn off, and then 10 gallons 
mora of water were poured in, and so on for a third and fourth time 
It is required to find how much pure wine remained in the vessel, 
■-imposing the two fluids to have been thoroughly mixed ! 
84—10 = 74 
As 84 : 10 : : 74 : 8.809S3 

84: 10; : 65.19048 : 7.76077 
84 : 10 ; : 57.43971 : B.83687 
6.83687 
50.69284 Ans. 
4. A traveller leaves New- York at 8 o'clock in the morning, and 
walks towards New- London at the rate of 3 miles an hour, without 
intermission ; another traveller seta out from New- London at 4 
o'clock the same everting, and walks for New-York at the rate-of 4 
miles an hour, constantly ; now, supposing the distance between 
the two cities to be 130 miles, whereabout on the road will they 

From 8 o'clock till 4 o'clock is 8 hours; therefore, 8x3 = 24 
miles, performed by A before B set out from New-London ; and, con- 
eequently, 130—34 := 106 are the miles to travel between them after 



it PKOMISCirUUS QUIiSTIOKS. 

that. Hence, as 7 = 3+4; 3 ; : 106 : ™ = 45|moTe miles tiar- 
elied by A at themei;ting ; consequently, 24-1-455 := 69^ miles fiom 
New-York is the place of their meeting, 

5. What part of $3 is a thivd part of $3 ? 

Joff of J = JxfXj = f.jKs. 

6. The hour and minute hand of a clock are exactly together at 
!3 ; when are they next together! 

As the minute hand rniis il times as fast as the hour liand; then, 
11 ; 80 : : 1 : 5,inin. 5-^ sec. The time, then, is 5 min. 5^ sea 
past 1 o'clock, 

7. The lime of the day is between 4 and 5, and the hour and min. 
tite hands are exactly together ; what is the time! 

The speed of the hands is as 1 to 11. 
4 hours X60:=S40, which -r-11 = 31^ min. added to 4 hours, 

8. A can do a piece of work in 3 weeks, E can do thrice as 
much in 8 weeks, and C five times as much in 13 weeks ; in what 
time can they finish it jointly! 



work done by A ir 



Then, by addition, 2+1+-,^ will be the work done by them ail In 
one week ; these; reduced to a common denominator, become fj 
+?i+Tl = T2 = si whence, 3 : 6 : ; 8 : 6j Ans. 

9. A cistern, containing 60 gallons of water, has 3 unequal cocka 
for discharging it ; one cock will empty it in 1 hour, a second in 2 
hours, and a third in 3 hours ; in what time will it be emptied if they 
all run together 1 

. First, i would run out in 1 hour by the second cock, and J by 
the third ; consequently, by the 3 was the reservoir supplied one 
hoar, i-fj-l-l =^-|-|-+f being reduced to a common denominator, 
the sum of these 3^5; whence the proportion, 11 : 60 ; 6 : 3Sy\ 
minutes, the time required. 

10. Suppose a cubic inch of common giass weighs 1.49 ounces 
troy, the same of sea wafer .59, and of brandy ,53. A gallon of this 
liquor in a glass bottle, which weighs 3.84 Iba., is thrown into th( 
water. It is proposed to determine if it will sink ; and if so, how 
much force will just buoy it up! 

3.84X13-M-49 = 80.93 cubic inches ofglass in the bottle. 

,331 cubic inches in a gallon x.63=: 123.43 ounces of brandy. 

Then, bottle and brandy weigh 3.84x 13-1- 123.43 = 188.51 ounces, 

and contain 261.93 cubic inches, which, x -59 = 154.53 ounces, the 

weight of an equal built of salt water. 

And, 168.51—154 53 = 13,98 ounces, the weight necessary to sup- 
port it in the water. 

11. How many fifteens can be counted with four fives! Ans. i. 



QUESTIONS. ib 

13. What is the radius of a circular acre! 
(Side of a square xl.128 ^diameter of an equa! circle, j 

208.710331, the side of a square acre, XL 138 = 335,50^3 (for 
radius) = 117.75 feet, Ans. 

13. From Caldwell's to NewbuTg is 18 miles ; the current of the 
river Is such ss to accelerate a boat descending, or retard one as- 
cending H miles per hour. Suppose two boats, driven uniformly 
pt the rate of 15 miles per hour through the water, were to start 
one from each place at the same time, where will they meet ^ 

Call I the distance from N to the place of meeting ; its dislanoe 
from 0, then, will be 18 — x. 

Speed gf descend IniliMI, 15+1.5 = 16.5 mileBpet hour. 



These times are, of course, equal; therefore, -^= iqs • 
Then, la.Sa: = 397—16,51, and 13.51+16,51 = 297, or 30i = S97. 
Hence, i = --r-=9,9 miles, the distance from Newburg, Ans. 

14. A steamboat, going a£ the rale of 10 miles per hour through 
the water, descends a river, the velocity of which is 4 miles per 
hour, and returns in 10 hours ; how far did she proceed 1 

^^=10; &t+14i=M0; 201=840; 840-5-80 = 12, J.ns. 

15, If a steamboat, going uniformly at the rate of 15 miles in an 
hour through the water, were to run for I hour with a current of 5 
miles per hour ; then, to return against that current, what length of 
time would she require to reach the place from whence she started 1 



16, The flood tide wave of a river runs 20 miles per hour, the 
current of it is 3 miles per hour. Assume the air to be quiescent, 
and a floating body set in motion at the commencement of the flow 
of the tide ; how long wili the body drift in one direction, the tide 
flowing six hours from each point of (he river! 

L up, logelher with the 



onlefl. 



ftling body hns moveii ; 3t=whnle dis(oiiM whli* tBe body 



GEOMETRY. 
Definitions. 

Lther Jii|-W, C 



n two point 



IB is composed of a rrghl and 
!s has Iflngth nnii brf adth only, and ia pla 
longLh. brendth. and thickness. 



A lligla Angle is made by a line noijiendiculsr id another, failing upon it 
An Amis Angle is Issa than a tight anjlo. 
Aji Ofuuse Aagle is greater than a riffhl angia- 
A. Triangle ia a [ignie of three sides- 

An /i-osKlti TVun^lThas i>to of itAldeiToqual 

A Rieht-migfed IHaJiffle hits one ri^ht ajkgle. 

An (Aluac-m^ed Triangle hag one olitaso angle. 

An .•l^^dfe-Of^eif THaiig-^a has afl its angles aente. 

A Quadrangle or QtadriloUrat is a fiirnre of font sides, iind Isas the following; par 

A PiBotitlogrem, hBTing il4 opposite atdas paralleL 

A SgHore, having length and bieaclth equal. 

K-RecUaiffUt B-njallslogn-ni having a right angle. 

AKAoffifru (or LozeDnJ, ha^ng eqnal smas, but its ang^les not riglit nngieJ^. 

A Rto>i*iBd,«parallHlngiBni, ill angles nut being right angles. 

A Trapciiiid, hnving only one pair of opposite sides parallel. 

FoLTOOnr an plane fiffnres having mnxa than four s des and are either Regnlui 
liregnlar, according as theit sides and rmg es are e^^nal at nnei^ual, and they &Ln 
imed from the nnniber of their sides r an^^les Thus 



An ^rc is anyjrart of the circnmfcrcnce ofamnde 

A Chord is a right line joining the eit em I es of an arc 

A Sagweni nf a circle iianrpart bonnded by an ore and its chord, 

A SMJOr is any part of tf cirde honndad by an arc and its two radii. 

A SewJcircIaiihalfaairCle. 

A Quaaratit li i qnarter of a circle. 

A .ZoM is apart o(« circle iiiolode*iietwsen two parallel chords. 

A timt ii the spaoo between Ihe inu 

anu,of<vhich1he sinaller is inscriba 

A Secant is aline that ants a circle, lying parEly wiihina^id partly ni 
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I aide, odkd the baee^ 



Inrm *he Bn^la, lud Ja ^diDftE«d by tho number of degreefl m the ftic- 
A Priimotd hu lU two endi aa Aay imlike pamUel plaoe Ji^res of the same Dum- 

A. S^^tnd a bl adni naaMaig ihB DguiB of a sphere, bitl not eiaotly roani, out 
i-Cits diameton being lodgarthaatfaB othAT. 
iv Sj^adig is « solid fonoed by the revblulion of aome curro toua^ ita baao, 
A SegvienI isit p&n cut olfl^apluieTpaTollel to the haae, 

A Oycloid is a cuive fomieJ by a point in the circunferenco of a circle, teTolving 
«i a riglif line Iho len^h of tliBl oiromnference. 

An UHguIa is the bottom part cut olf by a plana pessing obliquely ihtoDgh the base 
The Ftrmtter of a figure is the gam of all ita sides. 



Draw perpeodiLutars from every diviaion to a jarillel line C D. 

Di/ide these peritendicnlBra and one of the divisious A E, C F^ into Bf 
if for feet and hundredths, and into tnelie if for inches ; draw the iioes 
S, *c., and they will coniplele the scale ra 

Thus: The liue A B Mprasenti— — 
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Through It, m, Ao'.lIlBW aIj, B D, Ac, perpendicular lo o n, a m, am! conlpLelp 



Upon a ginen Line A B, (o /offli an Oclnglm—fis. 3. 
RoLK —On the eilreinitips of A It, erect indeflniB perpendicnhiM A F, B E, pio- 
dUM A B to m and n, and hjao.-l tie angles « A f and -i B/wilh A H and B O. 

K, iS^F and B. Join G F, F B, and E D, and the ngure ia made. 

Circles and Squares. 




E a H. 




and It will puB throngh tha three given points ae required' 

To make a Square equal to a ^f n IViiaigle—tfie- 5. 
livLG.— £iteudth9s)IeDTl)ie triin^le BE to O.makinfrEO equal to half llin 

K,andnilhlhedislanceEBdea<Tihe the Bemicircle B H O. Upon B erect the pei^ 
pe lid ir alar E H, wbicih will bs the side of a Hiinare, equal to the iriaiieie BdE. 

Triangles and Squares. 



A 



H '■/ 




To mall on Esuiialelai TViongle tquat to two gioen EqvilalircU TrvaigUl—fig. S 
RuLE.-5)raw a right line CT) equal in lenjtli B mo Bide of the IriangJa 1 
Drawc'E^n'd Munjlole tCeiluilalBr^ triage C E F,aiid it »iU be equoli 






Circles and Ellipses. 
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8 of direclim 
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Ams equal pans, set uff 
Hi the dislance c h make t 
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rcofthBavalACBD. 


U^ 


Jzi^ 


v:^' 


•^^1^1 


mi Maiiau 




4*>S 



Let lli« 1 
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len^ and brend/h rgquked, another way— ^g. Ih 
quftl ill Iflngih. lo A- i bJso E F equal 10 lenglh Co B. 



IrishlanglMwilht^D, 




Goo'^lc 



(7j)M a gictn Hns, l9 describe any Pelfsm ityond PntBgon—fis- '<■ 
LflABbethsgiyenline. 

^uts, mHiT2\4, 5,B, . ' . inneci 

(he times, the inierval 1 B bsb^ the iidins Iheteof, Take Ha point 11 (bi the cea- 
ire of aoDlhar circle, aiu! H B for die radioa ; thii ciKjle will oonlaiii Iho linn A B eli 

" n the point T, Willi tiie radiua 7 B, a drclB drawmviil '- ■" 

m the ptiint S, with the interval S 3, dsacribe Ihe arc 
■ ■"" - ■■■' ■ ■ 1 shall be the i 




t d, e<^ual to tlie height of the urch^ diviLle the perpendicalAr & o into two eqiralpurEb 
nt I ; cQDtinne the line A B dq both stdea at plenanre, and from the point k^ \riui llie 
iislraco to, defiao c and d; llirongti c e, iJi, drawee/ and J eg at p' 
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CONIC SECTIONS. 
I)eJinitions. 
K Cone is a solid ligui's having a circle for its base, aod termina- 
ted in a vertex. 

Conii: Secdom are the figures made by a plane cutting a cone 
An EUipis is the section of a cone when cut by a plane obliquelj 
through both sides. 
A Parabola is the section of a edne when cut by a plane parallel 

A Hi/perbola is the section of a cone when cut by a plane, makiti« 
a greater angle with the base than the side of the cone makes. 
The TiansveTse Axis is the longest straight lino that can be drawn 

The Canjvgate Axis is a line drawn through the centre, at right 
iingles to the transverse axis. 

An Ordinate is a right line drawn from any point of the curve 
perpendicular to either of the diameters. 

An Abscissa is a part of any diameter contained between its ver- 
tex and an ordinate. 

The Paramelf^ of any diameter is a third proportional to that di- 
ameter and its conjugate. 

The Focus is the point in the axis where the ordinate is equal \» 
liiilf the parameter. 

A Conoid is a solid generated by the revolving of a parabola or 
hyperbola around its axis, 

A Spheroid IS a solid generated in like manner lo a conoid by an 
ellipse. 



To coitstrucl B Parabola— fig. 




G(H)«^ Ic 
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Draw an isosceles triangle, A B D, whuse base sball be equal to 

ihat of the proposed parabola, and its altitude, C B, twice lliat of it. 

Divide each side, A B, D B, into 8, or any iiumbci' of equal parts : 

tlien draw lines 1 1, 2 2, 3 3, &c., and their intersection will define 

llie curve of a parabola, 

NoTB.—TTiefiiUemngJigiBisiiri dnviit to a scalt of IM parti laminek. 
To conalruci an Hyperbola,* Ike Transoerie and Conjugate Diamclcrs 
being giveii— jig. S. 




Make A B the ti 

the conjugate. 

Bisect A B in O, and from O, with the 
scribe the circle D/c F, cutting A B p 
points wiE be the foei. 

In A B produced late any number of points, n n, &C., and from 
F and/, as centres, with B n, A n, as radii, describe ares, cutting 
each other in s s, &,c. 

Through s s, &c., draw the curve s B s, and it will be the hyper- 
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To find the length of the Ordinate,!! F,ofa7t.Ellipss,theTTaitavirse,A 
B, Cmijugate, C D, and Abscissa, A F and F B, being knmm—Jlg. 3. 
EuLE. — Ab the transverse diameter is to the conjugate, so is the 
square root of the product of the abscissa to the ordinate which 
divides them. 

Example,— The transverse axis, A B, is 100; the conjugate, C D, 

isfiO; one abscissa, B.F, is 30; the other, A F, is (100— 20) = 80. 

100 : 60 ; : ^20x80 : 34 Ana. 



Rule.— As the conjugate diameter is to the transverse, so is the 






IE of the difference of the squares of the ordinate and se 



conjugate to llie distance between the ordkiate and c 
this distance, being added to and subtracted from the semi-trans- 
verse, will give the abscissas required. 

EiAiiPLE. — The transverse diameter, A B, is 100 ; the conjugate, 
C D, is 60 ; and the ordinate, F E, is 34. 

60 : too : : VS4' — 30' ; 30, distance between ihe 



When the Conjugate, Ordinate, and Absciasis are known, to find the 
Transverse— jig, 3. 
Rule, — To or from the semi-conjugate, according as the greater 
or less abseissa is used, add, or subtract the square root of the dif- 
ference of the squares of the ordinate and semi-eonjugate. Then, 
as this sum or difference is to the abscissa, so is the conjugate to 



The Transverse, Ordinate, and Abscissa being, given, to find Ike Con- 
jugate— fig. 3. 

Rule. — As the square root of the product of the absciasee is to the 
ordinate, so is the transverse diameter to the conjugate. 

EiiupLE. — The transverse is 100, the ordinate 34, one abscissa 
30, the other 80. 

^80X30 ; 24 : ; 100 : 60 Ans. 
PARABOLAS. 
Any three of the four folloioing terms being givitn, vis., any two Or- 
dinate! and their Abscissa, to find the fourth — fig. 4. 
Rule.— As any abscissa is to the square of its ordinate, so is any 
other abscissa ta the square of its ordinate. 



CONIC SECTIONS, 



EiiMPLE.— The abscissa, e g, is 50, its ordinal 
quired the ordinate A F, wlioae abscissa, e F, is 1 
BO : 35.35' : : 100 : ^2500 = 50 A 
HYPER BO lAB. 




When the Trmsvcrse, the Conjugate, and the less Abiciasa, B r, are 

gii}en, to Jmd ora Ordinatet e n — -^. 5. 

Note.— Jn hypirMas, tti lew lijcijsii, added to the atia, gincs (It griater. 

Rule,— As the transverse diameter is to tlie conjugate, so is the 

square root of the product of the absciss* to the ordinate required. 

When the Transverse, the Coajiigale, and an Ordinate are given, to 

find the Abicitsa — -fig. 5. 

Rdlk.— To the square of half the conjugate add the sqaareof the 
urdinate, and extract the square root of that sum. 

Then, aa the conjugate diameter is to the transverse, so is the 
square root to half the sum of the abseissie. 

To this half sum add half the transverse diameter for the greater 
ibscissii, and subtract it for the less, 

Wlien the Transverne, the Abscissie, and Ordinate are given, la find 
the Gmpigate — -fig. 5. 

Rule.— AS the square root of the product of the absn^'iff is lo 
the ordinate, so is the transverse diameter to the conjugate 
Whca the Conjugate, the Ordinate, and the Ahsdiss ate given, to find 
the Transverse-fig. 5. 

RutE.— Add the square of the ordinate to the square of half the 
conjugate, and extract the square root of that sum. 

To this root add half the conjugate when the less abcissa is used, 
and subtract it when the greater is used, reserving the d'""- 



Examples. — In the hyperbola, ^j 3 and 5, the transverse diam- 
I'tcr is 100, the conjugate 60. and the abscissa, B n, is 40 ; reqaired 
the ordinate c n. 

100 : 60 : : v'{40+100x*0) = 74.8 : 44.8 Arts. 

The transverse is 100, tlie conjugate 60, and ordinate e n, 44.8 ; 
what are the ai»scis5»? jins. 40 and 140. 

The transverse is 100, the ordinate 44.8, the abscissEe 140 and 40; 
what is the conjugate? Atis. 60. 

Tjie conjugate is 60, the ordinate 44.8, and the less abscissa 40 ; 
what is Ihe transverse ? Ans. 100 
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OF SURFACES. 



MENSURATION OF SUEFACES. 



:/' 



To find the Area of a four-tided Figure, xehethcr it be a Square. Parol- 
klogram. Rhombus, or a Rkomioid. 
Rui-E.— Multiply the length by the breadth or perpendicular height, 
and the product will be the area. 

OF TRIjVNOLEH. 
Tojiiui the Area of a T-riangle^figs. 5 and 6. 




Rule. — Multiply the base a i by the perpendicular height r. d. 
and half the product will be the area. 

To find the Area of a Triangle hy tlie length of its ivies. 

Rule. — From half the sum of the three sides subtract each aide 
separately ; then multiply the half sum and the three remainders 
continuaUy together, and the square root of the product will be the 

To find the Length of one side of a Right-anghi Triangle., when the 

Length of the other lieo sides are given — -Jig. 7. 

RuLB. — To find the hypothennse a c. Add together the square 

of the two legs ah and b c, and extract the square root of that sum. 

To find one of the legs. Subtract the square of the leg, of which 

the length is known, from the square of the hypothenuse, and the 

square root of the difference will be the answer. 

Hots.— Fer Sphaical Triimglss, itipagi 6S. 



To find the Area of a Trafe^i«m—fig. 8. 
Rdle. — Multiply the diagonal a c by the sum of the two perpen- 
diculars falling upon it from the opposite angles, and half the product 
will be the area. 



MENSCRATJOiN OF SURFACES. 




Tojaidihe Area of a Trafezoii—Jig. t 
— Multiply the sum of the parallel sides a 



L POLYGONS. 

Rule. — Multiply half the perimeter of the figure by the perpen- 
dicular, falling from its centre upon one of the sides, and the prod- 
uct will be the area. 

To find the Area of a Regular Polygon, when the side only ia given. 

Rule. — Multiply the square of the side by the multiplier opposite 

to the name of the polygon in the following table, and the product 
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N.=..rFol,E.o. 
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* 
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c 




Trigon 


120° 




0.433012 






,6773 


4 


Tetragon 


90 




l.OOOOOO 


141 


1,414 


,7071 


.1 
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108 


1.730471 


1 y^ 


1.175 


.8506 
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60 


130 


3.598076 


1.156 


— Radius 
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7 




fiH 


139^ 


3.S33913 




.8677 


1.153 


R 


Dctagon 


45 


135 


4.838437 


i.08 


.7653 


1,3065 






40 


140 


6.18183:! 
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36 


144 


7,694S0f 


1 (Ih 


,6180 


1.6180 


11 




33 r\ 




9.36564( 


1 (14- 


.5634 


1.7747 


I't 


Dodecagon 


30 


150 


11,136152 


LU37 


.5176 


1.9319 



roaitb columns of the lobls will grgMljr faoililalo the coiv 
nth the aid of the leclor. Thus, if it is lequind lodetcii 
I It, in cDlnmn third, ia 45 ; then, wilh the chonl of GO on tl 
JO n oirale, taking the lenglh « oo the aarae line of thi 
e otfm the circuBiference,which,being tspeatnlBroniKltl 



ide of a polyeen mulliplied by the c 



To find the Superficies of any Rugalar Bodij. 
Ku I.E.— Multiply the tabular sarface in the following table by th* 
etiuare of the linear edge, and the product will be the superficies. 



Smi^^m^. 


N^ 


Surf™,, 


4 


Tetrahedron 


1.T3205 






6.00000 


8 




3.46410 


13 




30,64573 


30 


li,ovahedron 


8.66025 




To find, the Area, of an Irregular Fubjgoii, abcdefg—fig. 10. 
Rule. — Draw diagonals to divide the figure into trapeziums and 
iriangles ; find the area of each separately, and the sum of the w!io!e 
will give the area required. 

To find the Area of a Long Irregular Figarc, bdc a— fig. 11. 
Rule. — Take the breadtb in Beverai places, and at equal distan- 
ces apart; add them together, and divide the sum by the number 
of breadths for the mean breadth; then multiply that by the lengtb 
of the figure, and the product will be the area. 



OF CIRCLKS. 



.,^:zi~,,, .. 




To find the Diameter and Ctrfiimference of any Circle. 
Rule 1. — Mnltipiy the diameter by 3.HI6. and the product n 
lie the circiimferftinio. 



Rule S.— Divide the circumference by 3.141fi, and the quotienl 
will be tlie diameter. 
Role 3. — Of, as 7 is to 22, so is the diameter to the circamfra^ 

Or, as 23 ia to 7, so is 
Or, as 113 i a to 335, si 

To find, the Area of a Circle. 

Rule 1. —Multiply the Square of the diameter by ,7854, or the 

W|uare of the cirou inference by .07958, and the product will be the 

Rule S. — Multiply half the circumference by half the diameter. 

Rule 3.— As U is to 11, so is the square of the diameter to the 

area , or, as 88 is li> 7, so is the square of the circumference to the 

Tojiiid the Length of any Arc of a Circle— fig. 12. 

(See Tflble of Arcaa, pngo 75.) 

Role 1. — From 8 times the chord of half the arc ac, subtract the 
Chora a D of the whole arc ; one third of the remainder will he the 
Ifingth nearly. 

RuLB 2,— Multiply the radias no of the circle by .0174533, and 
Hint product by tlie degrees in the arc. 

RvLs 3.^As 180 is 10 the number of degrees in Ihe arc, so is 
^ 1416 times the radius to its length. 

When the Chord of the Arc and th: Versed Sine of half the Arc 
arc gir.cn. 
Rule. — To IB times the square of the chord a b, add 33 timoB 
the square of the versed sine c d, and reserve the number. 

To the square of the chord add i times the square of the versed 
sine, and the square root of the sum will be twice Ihe chord of half the 

Multiply twice the chord of half the arc by 10 times the square of 
the versed sine, divide the product by the reserved nnmber,andadd 
the quotient to twice the chord of half the arc: the sum will be the 
length of the arc vBry nearly, 

a. dr^mference X '.^^^=''" " "'*'' " "'?." 

9. " " X3!m5 =circum. " 

When the Chord of the Arc, and the Chord of half the Arc are given. 

Rule. — From Ehe square of the chord of lialf the arc subtract 

fjoTB.— If llie Icnglh for any number of flegrees, minutes, fee, Is require* (sou 
ini^e 67 for llie uniB, radius being 1), multiply Ihem by Ihe numlier of dogrew. &c. 
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MENSDKATION ( 

Ihe square Of half the chord of the arc, and the remainder will bn 
the square of the vprsed sine ; then proceed as above. 

NOTB.— The chot<l of hnlf Iho >rq is omiil lo Iho squara root of llio mm of tlic 
squarcB ntfba versed Bias « heighl, and half Ihe ehniA of tbeeirlire arc. 

c 0, auhtra.ct 37 times t d 
the versed sine, and reserve the number. 

Multiply the diameter by the versed sine, and the square root ui 
the product will be the chord of half ihe arc. 

Multiply twice the chord of half the arc by 10 times the versed 
sine, difide the product by the reserved number, and add the quo- 
tient to twice the chord uf half the arc : the swa will be the length 
of the are very nearly. 

and extract &« square lunl (J Itie remainder. Subtract thii mot from th? diameter, 
and half tho romainiler wiU erve the versed sine of half the ate, 
Tke square of the chotd of hillf the an: being-divided b; Che diametct, will B^ve tlie 

To find, the Area of a Sector of a Circle—fig. 13. 
Rule 1. — Multiply the length of the are adb by half the length 
oftUe radius ao. 
RuLL a,— As 360 is to the degrees in the are of the sector, so is 



To find the Area of a SegiH^i of a Circle— fig. 18. 

When the Segriieni is leia than a SemidrcU. 

Rule I.— Find the area of the sector having the same arc with the 

segment, then find the area of the triangle formed by the chord of 

the segment and the radii of the sector, and Uie difference of these 

areas will be the area required. 

Rule S. — To the chord a i of the whole arc, add the chord a c of 
half the arc, and J of it more ; then multiply the sum by the versed 
sine c d, and .40436 of the product will be the area. 

RtTLC 5.— Mulllplj tba cbord oftheflegmeDCbythe vei-sed Bine, divide Ibe prod- 
uct by 3, and msllipl; the qnolienC by S. 

CnliB the heffht or terscd Mne, divide it by twice the 1en|th of the chord, and 
»dd the quotient to tfaa former product; Itnillglire the acea nenrly. 

When the Segment is greater than a Seimcirle. 
— Find, by a preceding rule, the area of the lesser portion 
..... .... ..... .^ ^ .... _j. .,jg ^viiole circle, and the 

To find the .Area of a Circidar Zone— fig. 14. 

(Eeo Cable of Areae, page EO.) 

Rule \.— Wlicn Die xone ia less than a semicircle. To the area of 

le trapezoid abed add the area of the segments ah.cd; their sum 



Tffind the Convex Surfaet of any Zone or Segmeiil~-/if;s . 38 qhiJ 3i>. 
Rule. — Multiply the height cb,orh d, of the zone or segment h; 
ihe circumference of the sphere, and the produol is the surface. 

Mw two chorda by bait lhardiflerenoB,aiv!ilo this product 6y the breadlh of llie 
liflhl^oirclor 

To find the Connex Surface of Ike Ungiilas—figs. 27, 38, 29, and 30. 

Rules.— For %.3~, multiply the length of the arc line aic of the 
base, by tlie height a d. 

for fig. 28, multiply the circo inference of the base of the cylinder 
efg by half the aiim of the greater and less lengths ae,sf. 

For fig. 39, multiply the sinenrf, of half the arc ay, of the base 
a V g, by the diameter eg of tho cylinder, and from this product sub- 
tract the product' of the arc age and cosine if. Multiply the dif- 
ference thus found by the quotient of tho height g h, divided by Iha 

For lig. 30 (conceive the section to he continued till it meets tlie 
aide of the cylinder produced), then find the surface of each of tho 
iingulas thus formed, and their difference is the surface required 



To find, Iks Area of a Circular Ring or Space included between 



Tufind the Circumfcrenct of an Ellipse— fig. 15. 
— Square the axes a b and c d, and multiply the square root 
heir sum by 3.1416 ; the product will be the circumference. 

To find the Area of an Ellipse — fig, 1-^, 
— Multiply the diameters together, and their product by .7854. 
ithia pruiliuitexcocdatlin other, nddlhem logpthor, sud ishenlho cosinti 



' SUR] 



65 



To find tlu Area of OR EUiyti': Segment, aeg— fig. 16. 
Role.— Divide the height of the segment ay by the axis ai, oi 
ivhich it is a pare, anr) find in the table nf circular segnients, page 
73, a segment liaving the same versed sine as this quotient ; then 
iiiultiply the segment thus found and the two asea of the ellipse to- 
gether, and the product will give the area. 




Tofiml the Area of a Po.rabola-fig. 17, 
Rule.— Malti ply the base d/by the height g-e, and J of the prod- 
uct will be the area. 

To find the Area of a Fnialnim of a Parabola^fig. 17. 
Rule.— Multiply the difference of the cubes of the two ends of 
the frualrum acdf by twice its altitude be, and divide the product 
by three times the difference of the squares of tlie ends. 

To find the Lvngth of a Parabolic Cunte cut off by a Double Ordinate— 
fig. 18. 
Rule. — To the square of the ordinate a,b add J of the square rii' 
tfie abscissa c h; the sqiiare root of that sum, multiplied by 3, will 
[{tve the length of the curve nearly. 




To find the Area of a Hyperbola— fig. 19. 

Rule.. — To the product of the transverse and abscissa add ^ of the 

equare of the abscissa a b, and multiply the square root of the sum 

by 21. Add* times the square root of the produotof the transverse 

and abscissa to the product last found, and divide the sum by 75. 

Divide 4 times the product of the oonjugate and abscissa by the 

rae, and th-s last quotient, tiiultiplied by the former, will give 

P3 
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MEKSUIIATI 



To fini liie Length of a HyperboiK Curve— fig. 20. 
Rule. — As the transverse ia to the conjugate, 80 is the cODJugate 
to the parameter. To SI times the parameter of the axis add 19 
timea the transverse, and to SI times tlie parameter add 9 times the 
transverse, and multiply each of these sums by the quotient of the 
abscissa i a, divided by the transverse. To each of these two prod- 
ucts add 15 times the parameter, and divide the former by the la^ 
ter; multiply this quotient by the ordinate, and the product is the 
length of half the curve nearly. 

OF CYLINBKICAI. RINGS. 

To find the Cimvex Surface of a CylindTJcal Ring— fig. 54. 

KuLc. — To the thickness of the ring ab add the inner diameter 

i c ; multiply this sum by the thickness, and the product by 9,8896, 

and it will give the surface required. 

To find Ike Area of a CirculaT Ring— fig. 54. 
Rule,— The difference of the areas of the two circles will be the 




To find l/ie Area of a Lane— fig. 31. 

Rule —Find the areas of the two segments adch, abr.e from 

which the lone is formed, and their difference will bo the area re- 




To find ly. Area of a Cijdoid—fig. 33, 
Rule.— Multiply area of generating circle abc by 3, 



G(H)«^ Ic 



To find the Convex Surface of a Cylmder—Jig. 25. 
Rule.— Multiply the circumference by the length, and the prod- 
uut will be the surface. 

OF COKES OR PYRAMIDS. 

Tofnd the Convex Surface of a Bight Cone or Pyrar>tid--figs.3l and 33. 

Rule. — Multiply the perimeter or circumference of the base by the 

slant height, and half the product added to the area of the base will 

be the surface, 

Tojind the Convex Surface of a Frustntm ofaRigki Cont or Pyramid— 
Jigs. 33 and 34. 
Hole. — Multiply the sum of the perimeters of the two ends by the 
slant height or side, and half the product will be the surface. 



Tefi«4lhe Convex Surface of a Sphere or Globo—fig. 37. 
KnLE —Multiply the diameter of the sphere by its circumference, 
iind the product is the surface. 



1 SPINDLES. 

Tofind the Convex Surface of a Circular Sjrinilk—Jig. 45. 
JluLE. — Multiply the length /o of the spindle by the radius oc of 
the revolving arc; multiply the said are/ac by the central distance 
oe, or distanae between the centre of the spindle and centre of the 
rerolving are. Subtract this last product from the fonner, double 
tiie remainder, multiply it by 3.1416, and (he product is the surface. 



BY MATHEMATICAL FORMULA. 

LINES. CIRCLE. 

Ratio of drcarafcTcnce to diameter, p -3.1416. 
Length of an arc = — - — nearly ; c the chord of the a 
the chord of half the arc. 
Length of 1 ie^ee, radius being 1, = ,0174533 



~ awP-yK»'+*' ) nearly, a and b being the a; 



Length d/ an ore, commencing at the vertex, = yf-5-+ja^ ni 
ly, a being the abscissa, and h the ordinate. 



pr>; otdiam. =X.7eS39ai6; 
Curved surface =iimght 



1 SriNDLE. 

2p[rc-K^i-'—ili') ; u heiDg the length of the arc. and c 
or the length nl tho spindle. 



n of Ihe three angles. 



f SURFACE OF REVOLUTION. 



^prXt; or. ihe length of the generating elera ii x ili^' c:i[v"i"- 
ference desoribed by its centre of gravity. 

Ii-i-u ST RATIO Ns.— Let oicbe the side oi& cylinder, br the radius; 
then a i c is the generating element, h the centre of gravity (of tlie 
line), and b r the radius of the circle described by ab c. 



\ flcx(3irxp}. p being in this and all other 

\ instances ==3.1416, i the centre of gravity, 

and i r the radius of its circumference. 
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OF SUEFACES. t»9 

Or, lake a uniform piece of board or lUicIf pasteboard, and out oui 
,e figure of which tho area is required"; weigh bnth pieces together, 
id then the figure separately, and say. as the gross weight is to the 
itire suiface, so is the weiglit of the figure to its surface. 



l.ct the tube he weighed when empty, and again wlien filled with 
mercury ; let w be the difference of those weights in troy graiLis, and 
( the length of the tube in inches. 

Diameter = .0 



/)( vihifA p represents the Circnimfcrence of a Circle whose Diametet is 



ip = 13.5li63;0<il4351H. 
\p = i.5;079«3-26T94+ 
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Examples in lUaalralion of the foregoing Eiilea. 

Required Ihe atea. I. Of th« thombns, He, 3, u e 13 feel 6 Inches, and lis hetsM 
fli, B fteL 3 inches. ^M. 115.62S Ifcet 

% Of Ihe DlEinele a » e, fig. ft, u » tielng ID feel, and e d S feel. ^ns. S3 fecL 
3. Of the Iriangle a*r, flg. 7, ila Ihtee sides jneaauring respeolively 34, 30, nad 

J. In Ihe light-aiiKlea irianele a I, c, fig. 7, llie base U SB, and ihe hEfeW 33 ; ivli»l 
IB Ihe hfpcilheniue 1 ,9iu. 65. 



B, Of an oclajon. Ihe Bide beLiig 5. 5= = 35X4.828437= 130,710675 .Joj. 

9. The lenglh of a perpendicular from Ihe centre U one of the aides of an ccin- 

' 13X1.0B (table, pafe fill) = n.K Ant. 

10. The radius of a circle beii« 13.96, what will be the length of one ^de of an 
Insctibed ocmjon ) 13.9SX.705 (page 60) =9.914 Ant. 

11. The length af the ^e of a dacanu is 10; what is the ladlnsof the tircum- 
ectibing circle! JOXl.818 (page 60) = 10.18 ^na. 

lit. The chord a i, fig. 13, la 48, and Ihe veiced One c d IS ; what Is the length 

By nul6 4, twice Ihe chord of half Ihe ate Is HO , Ihen 00-^3= 30, chord of half 
Uiecrc, and 30X8=340-48=19*^=64 Ant. 

ofthearcl '"' " ___ "___-!- 

Bjrmlefi . . 50X60+18X37 = 3514^50X13=900 = 30. 

Then 30X3 = 00X10X18= 10a0IH-SS14 = 4.395B-(iox3 = 64.3959 .^us. 

14. The dinmeler of a ch^e Is SO, and Ihe chord of half [lie aic 30 ; what )> 

15, What la Iho aica of a secloi, tha tliord of the arc being 10, an 



17. The radiusDO 13 10, and Ihe chordae 10; what is Ihe area of Ihe sagineul 
ac*i,flg.lS1 .3^.53.38. 

13. The greater chord. Id, fig. 14, la 9S, Ihe leaser, ac.fiO, and the brendlh 30; 
whal is Ihe atea of the zone 1 Jl'-n. 3136,75. 

10. The sine ofhalf the arc. fig. 30, la 7, Uie diameter nf Ihe cylinder 15, Uie co- 
Hne on 80-, at Ihe inleraccSim of i c, 3.7, the veiKrd sine 4.B, and Ihe height, hg. 13; 
what Is Ihs cooyei aurtiice ? ,«nj, 196. 

20. The height, tp, of an elliptic aegmenl, fig, 16, is 10, and Ihe oies 35 and 35 

liW35=,ien tabular veiscd sine, and s^meat = .185163x35X35 = 1I}3.008S 

31. Inthaparabolicfrustrnm.acd/, Hg. 17, the ends ac and d/ are 6 and 10,0111^ 
dichiSghliiisS; whal is Ihe area 1 

J^^^ = ^ = I3.35XS of 5 = 40.8 .^Tia. 



coijugole diameters of a hyperbola, lig. 19, are 10 



MEKSURATIOIN OF SURFACES. 
HI, fig. 21, ^s 19, the Imights rd G.S. &ai cb 3.4; 

(a canr. ng.31. is 3 feel, and Uie slanl height IS 
B« of a cylindric ring, ftg. 54, is J Inches, nud 11 



lulnr spindle, tg. 49, Ihe lencth /c 14.143, Ihe 
e s t Ijm indies 1 Am. 130.32 inrhes. 



% Ihe dlnoHJler of the Ih 
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^ THE SKtiMKNTS I. 
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344 




309 




^5 


14068 


90 


18904 


345 




400 




230 




"91 


18995 






401 


29434 


237 






1J086 




24213 


40" 


"9533 




143_3 




1Q177 




"4307 




29631 




14401 


94 


19268 


349 


"4403 


404 


39 29 




144 1 


^05 




350 


54198 


405 




341 




96 


19450 


351 




406 


29925 








19543 






407 


30033 






91 


10633 


3 3 


4784 


408 


3013' 




46 7 


9 




354 


4810 


409 


30''-0 




4 3 


30O 




355 




410 


3(3ia 


^46 






190C8 






411 


50417 


ii 




3(1" 


.iooon 




-?5107 


41" 


30515 










3je 




413 


3W14 


343 


5 4 


304 


0184 


360 


253o9 


415 


3 71 
30811 


51 


15141 




20368 






416 


30909 








0460 




26647 


417 


31008 








3055S 




2j743 


418 


31106 






309 


"0645 


364 


258T9 




31305 


d5 
6 


ai 




"0737 


365 


25935 


4"0 
431 


31304 
31403 








20922 






433 


31E01 




10 




lOlo 


^e 


26234 


433 


31600 


59 


16 33 


314 


31108 


^69 


26321 


425 


3ir99 
















3 897 




f40I 




1387 


572 


26611 


427 


31995 


363 


ln419 




^1480 


373 


^07 




33094 


64 


16 8 


319 


1573 


374 


36804 




3"193 




16600 


3 


"1666 


375 


56901 




J229 




16-54 




31759 


376 


56098 




3 391 






32 




3-7 


37005 






'69 


1 


3 4 


040 


379 


57289 


433 
434 


3 689 




1 lOS 


3 


"134 


310 








i7 










27483 


436 


3 887 



3 OF THE SEGMENTS C 







Table— (Co 


ntinued). 






'l"J' 


!«. j™.. 


'S^ 


^.Jrat 


^,* 


See,*™ 


l^^' ar.j™. 






453 


34576 


469 


36171 


485 


37770 




.^3085 


454 


34676 


470 


36371 


486 


37870 


.439 


33185 




34775 




8837 


487 


37970 


.440 


83384 


456 


34875 


473 


3647 


488 


38070 


.441 


33383 


457 


34975 


473 


3667 


489 


38169 


.443 


33483 


458 


35074 


474 


3667 


490 


38369 


.443 




459 


35174 


476 


3677 


491 




.444 


33681 


460 


35374 


476 


36870 


493 




.445 


33781 


461 


35373 


477 


86970 


493 




,446 


33380 


463 


35473 


478 


37070 


494 






33979 


463 


35573 


479 


37170 


495 


38769 


!448 


34U79 






48U 


37376 


406 


38869 


.449 


341 78 


465 


30773 




37370 


497 


38969 


.450 


34S78 


466 


35873 


483 


37470 


498 


39069 


.451 


34377 


467 


35973 


483 


37570 




89169 


.453 




468 


36072 


484 


37670 


500 


39369 



USE OF THE ABOVE TABLE. 

To find the Area of a Segmenl of a Circle. 
ha quolient in the oriumn of versed sines. Taks the area noled in llie'i; 

QxiMPLE.—Bequireil the urea of s segment; il9 liel^hl being 10, and Ihi 
BtoflhecireleSOfeBi. 
lft*50=.3,sncl,3,|iert»ble,=.11183; thflti.lliaax50«=2ifl.SJ.aiu. 
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Table d/ the Lengths of Circular Arcs. 



.100 


1.0365 


.156 


1.0837 


.313 


1.1158 


.268 


1.1816 


101 


1.0270 


.157 


1.0B46 






.369 


1.1839 


.103 


1.0375 




1.0653 


.3 4 


. 180 


.370 


1.1343 


103 


1.0381 


asa 


1.0661 


.2 5 


. !90 


.371 


1.13B6 


104 


1.0286 


.100 


1.0669 


3 6 


301 


.373 


1.1869 


105 




.161 


1.0678 


2 7 


813 


.373 


1.1883 


106 


l!0li97 


.163 


1.0686 


31S 


1333 


.274 


1.1897 


107 


1.0303 




1.0694 


319 


1 1333 


.375 


1.1903 


108 


1.030S 


!l64 


1.0703 


330 


1 1845 


.276 


1.1931 


109 


1.0314 


.165 


1.0711 


331 


1 12S6 


.277 


1.1934 


110 


1.0330 


.166 


1.0719 


333 


1 1366 


.378 


1.1948 


111 


1.0335 


.167 


1.0738 


333 


1 1277 


.879 


1.1961 


US 


1.0331 


.168 


1.0737 


334 


1 1389 


.380 


1.1974 


113 


1.0337 






SSS 


1 1300 




1.1989 


114 


1.0343 


;i70 


1.07j4 


338 


1 1311 


.283 


1.8001 


115 




.171 


1.07b2 


337 


1 1332 




1.8015 


116 


1 .0355 


.173 


1.0-/1 


338 


1 1333 


1284 


1.2038 






.173 


1.0780 


339 


1 13a 


.3^5 


1.3043 


lis 


l!0367 




1.0789 




1 1356 


.386 


1.3056 


iia 


1.0373 




1. 07% 


831 


1 1367 


.387 


1.2070 


ISO 


1.0380 


.176 


i.O807 


S33 


1379 


.388 


1.3083 




1 .038a 


.177 


l.OSlb 




1390 




1.8097 


133 


1.0393 


.178 


1.0M36 


334 


140 


.390 


1.8120 




1.0399 


.179 


1.0334 


335 


141 


.391 


1.2134 


134 


1.0405 


.180 


1.084d 


i36 




.293 


1.3138 


35 


1.0413 


.181 


1.0?'53 


337 


1 143 


.393 


1,3153 


36 


1.0418 


.183 


I.08hl 


,38 


1 1448 




1.2106 


37 


1.0435 


.183 


1.0870 


331 


1 146 






3S 


1.0431 


.184 


1.0880 


340 


1 147 


.396 


1.3193 


139 


i.0438 


.185 


1.08S9 


.241 


1.148 


.397 


1.2208 


130 


1.0445 


.186 


1.0898 




1.149 


.398 


1.3320 


131 


l.OifiS 




.0908 




1.150 




1.2335 


133 


1.0458 




.0917 


.244 


1.1519 


.'300 


1.2250 


133 


1.0465 


.189 


.0937 


.M5 


.1531 


.301 


1.3364 


134 


1.0473 


.190 


.0936 


.346 


.1543 




1.8378 


I3S 


1.0479 


.191 


.0946 


.347 


.1565 


.3U3 


1.2392 


3S 


1.04S6 


.193 


1.0956 


.248 


.1567 


.304 


1.3308 


37 


1.0493 


.193 


1.0965 


.349 


.1579 


.305 


1.3381 


38 


1.0500 


.194 


.0975 


.350 


1.1591 


.306 


1.3335 


39 


1.0.W8 


.195 


.0985 


.251 


1.1603 


.307 


1.2349 


40 


1.0515 


.196 


.0995 


.3.'i3 


1.1616 


.303 


1.3364 


141 


1.0533 


.197 


.1005 


.353 


1.1638 


.309 


1.3378 


142 


1.0539 


.198 


1.1015 


.354 


1.1640 


.3J0 


1.2393 


143 


1 .0537 


.199 


.1035 


.255 


1.1653 




!.3407 


144 


1.0544 


.300 


.1035 




1. 665 


;313 




143 


1.0553 


.301 


.1045 


.257 


1. 677 


.313 


1.2436 


146 


1.0559 


.303 


.1055 


.258 


1. 690 




1.3451 


147 


1.0567 


.303 


.1065 




1. 702 




1.2465 


148 


1.0574 


.304 


.1075 


^360 


1. 715 


.316 


1.3480 


49 


1.0.582 


.205 


1.1085 


.361 


1. 728 


.317 


Z.3495 


50 


1.0590 


.306 


1.1096 


.263 


1.1740 


318 


1.3610 


51 


1.0597 


.307 


1.1006 


.263 


1.1753 


319 


1.3634 


52 


1.000.1 


.308 


1.1117 


.364 


1.1766 


320 


1.3539 


53 


1.0613 




1.1127 


.366 


1.1778 




I . 3554 


54 


1.0021 


.310 


1.1137 


.366 


1.1791 




1,3569 


55 


1.0639 


.211 


1.1148 


.367 


1.1804 


333 


i.3SS4 



Table— (Continued). 



iltisM 


i.EDEm. 


=ishi. 


L.=,lh. 


H.igl.1. 


H.gfh, 


HBi,h., 


LMlgHi. 




.3599 




1.3307 


.413 


1.4061 


.457 


1,4870 


1335 


.3614 


370 


i.3333 


.414 


1.4079 


.458 


1.48S9 


3Sfl 


.3639 


371 




.415 


1.4097 




!.4908 


387 


.3644 


373 


1.33.56 


.416 




.460 


1.4937 


U38 


1.3659 


373 


1.3373 


.417 




.461 


1,4946 




1.3674 


374 




.418 


1.4150 


.46e 


1,4965 




I .3689 


375 


! 13406 


.419 


1.4188 


.403 


1.4B8* 


!33! 


1.37U4 


376 


1.3433 


.430 


1.4186 


.464 


1,5003 


.333 


1 3730 




1 3440 




1.4304 




1,5033 


.333 


1 37'S'i 


378 


I 3456 


.433 


1.4333 


.466 


1.5043 


.■i3i 


1 3750 


379 


i 3473 


.433 


1.4340 


.467 


1.5061 


,335 


1 .i~6a 


3S0 


I 3490 


.434 


1.4358 


.468 


1.5080 


.8:m 


1 3781 


381 


1 3607 


.435 


1.4376 


.469 


1.5099 


.337 


1 3786 




1 8534 


.436 


1 .4395 


.470 


1.6119 




1 S813 




! 1541 


.437 


1,4313 


.471 


1.6138 




1 383 


384 


1 3558 


.438 


1.4331 


.473 


.5157 


^340 


I 3B43 


386 


1 3574 


.439 


1.4349 


.473 


.5176 


.341 


1 3858 


386 


1 8591 


.430 


1.4367 


.474 


.5196 


.343 


1 3874 


387 




.431 


1.4380 


.476 


.5216 


,343 






1 3635 


.433 


1.4404 


.476 


.6335 




1 S905 




3643 


.433 


1.4433 


.477 


1.5354 


.34S 


1 3931 


J90 


3660 


.434 


1.4441 


.478 


1.5374 


.346 


i 3937 


391 


3677 


.435 


1.4459 






.347 


I S953 


393 


3894 


.436 


Z.4477 


:480 


1.6313 


.348 


i 3968 


393 


1 3711 


.437 


1.4496 


.481 


1.5333 


.349 


1 .J984 


394 


1 3738 


.438 


1.4514 


.483 


1.5352 


.3S0 


1 300U 


395 


I 3746 


.439 


1.453S 


.483 


1.5371 


,35i 


1 3016 


396 


1 3763 


.440 


1 .4551 


,484 


1.5391 


.353 




397 


1 3780 


.441 


1.4570 


.485 


1.5411 


.353 


1 3047 


398 


1 3797 


.443 


1.4588 


.486 


1.5430 


.354 


1 3003 


399 


1 3815 


.443 


1 .4607 


.487 


1.5450 


.355 


3079 


400 


1 3833 


.444 


1.4636 




1.5470 


.356 


3095 


40! 


1 3850 


.445 


1.4644 


!489 


1.5489 


.357 




402 


I 3867 


.446 


1 .4663 


.490 


1.5509 


.358 


3138 


403 




.447 




.491 


1.5539 


.359 


3144 


404 


1 3903 


.448, 


1.4700 


.493 


1.5549 


.360 


! 3160 


40s 


1 3930 


.449 


1.4719 


.493 


1.5569 


.361 


1 3176 


406 




.450 


1.4738 


.494 


1.5585 




1 3192 


407 


1 3955 


.451 




.495 


1.6608 




1 3^04 


408 


I 3973 


.4.53. 


.4776 


.496 


1.5638 


364 


1 3335 


409 


1 3990 


.453 


.4794 


.497 




365 


1 3341 


410 


1 4008 


.454 


.4813 




1.5668 




1 3358 


411 


1 4035 


.455 


.4833 


!499 




367 
368 


1.3374 . 
1.3391 


413 


1,4043 


.456 


1 .4851 


.600 


116708 


Tofi>i 


if the Lengt 


ofo 


n Arc of 


aCircl 


e by thefo 


■egoin 


g- Tahle 




— Divldfl ih« h 


ightb 


ylhetee. 


ndftaq 


nllenlinUie 


oluma 


fhelgho^ 




mUTsf^a"!! 


iMh 


igMftoml 




hl-bandcolu 




uULplyiho 


BBglhl 






S^^i^' 


he prodnci w 


Ultelli 


la^lhof 



















irB(if ft TsjKii-iif, if. fa 



K.-Whtit Je the lenglti of an mc nf a cltcle, the base of which h 35 feel, 

.2aeJ5' .358 = 1.1333, .^0 = 1, JM4, 1.1333x35 = 30.0855, I.l344x3.i 
SB.TOiO— 3B.B655= -IBSS, difference of lenglha. 

IB 35 : !» : ; .0385 : .0K», llie leiiElh for Ihe remninder, and -OaaH- 
)S.6373,aiid..eS75XlS.fl)ripche3^6i malting the length of the aic 3!! 




iscriba If, and it is equal half the ore Bit 

To find (he length when the Curve it greater thpn halfihi e 
Fig-are. 

lenslh of Uje curve n 



ircutdfetenre of the ellipse, 



G3 
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LENGTHS 


F SEMI 


ELLIPTI 




S. 






Tabi 


E of the Leng'hi of Semi-dl 


'pticA 


C3. 




HlJsll- 


Una.. 


ci£lH. 


^t 1 


s 


•^ 


Hta 


LchjUi 


.100 


1.0416 


315 1 


460 


^J 1 


"6409 


775 





.101 


1.0436 


330 1 




SdO i 


6488 


780 





.103 


1.0436 


335 1 




555 i 


6507 




3 03 


.103 


1.0446 


330 1 


175 


560 I 


6640 


790 


3 04 


.104 


1.0456 


335 1 


3" 14 


565 1 


6725 


795 


3 05 


.105 


1.0466 


340 1 


3313 


670 1 


6804 


800 


2 OB 


.110 


1.0516 


345 1 


3333 


575 1 


6b83 


80 


3 




1.0567 


350 


3454 


580 1 


6963 


8 


2 07 


!l30 


1.0618 




35'>5 


585 1 


7042 


8 5 


08 


.135 


1.0669 


360 1 


597 


590 1 


7 23 





3 09 


.130 


1,0730 


365 1 


i6 9 


595 1 


7i03 


8 5 


3 10 




1.0773 


370 1 




600 1 


7 83 




3 i 


!l40 


1 .0835 


375 1 


381 


605 1 


7364 


35 


? IS 


.145 


1 .0879 






610 1 


7444 


840 




.150 


1.0933 


385 1 


3963 


615 1 


76 b 


8 5 


S 4 


.155 


1.0989 


390 1 


40S4 


6"0 1 


7008 


8 





.160 


1.1045 


395 1 


410T 


635 1 


7687 


855 


3 iSS 


.165 


J. 1106 


400 1 


4180 


630 1 


TRb 


860 


i 68 


.170 


1.1157 


405 1 


4253 


635 1 


7860 


865 


« 77 


.175 


i.l313 


410 1 


43S7 


640 1 


793 


8 


3 8fl 


.180 


1.1370 


416 1 


440" 


045 1 


80 3 




3 19S 


186 


1.1337 


430 1 


44 6 


650 


8094 




8 204 


190 


1.13S4 


435 


455" 


6S5 1 


8 76 


885 


213 


195 


1 . 1443 


430 


4627 


060 1 


8 58 


890 


3 S? 


300 


1.1501 


435 


470 


685 1 


8340 




2 -32 


.305 


1.1560 


440 


4778 


670 1 


8423 


900 


8 34 


.310 


1.1630 


445 1 


4854 


6?5 1 


8505 


905 


2 260 


.315 


1.1680 


450 


493 


680 i 


^587 


9 


3 259 


320 


1.174! 


455 


5008 


6S5 1 






2 "68 


335 


1.1803 


460 


5084 


6J0 1 


W53 


9 


3 378 


.330 


1.1884 


465 


ol61 


691 1 


3836 


935 


3 387 


235 


1.1936 


470 


533S 


70i 1 


89 q 


930 


2 296 




1.1989 


475 


5316 


70t 1 


S003 




3 30 




1.2051 


480 


5394 


710 1 


9085 


910 


3 314 


350 


1.3 14 


485 


5473 


715 1 


9 69 


945 


2 324 


.355 


l.S 77 


490 1 


5550 




9253 


1 


333 


.260 


!.3241 


495 1 


5639 


7S5 1 


9337 




2 342 


.865 


1.2 06 


500 1 


5709 


730 1 


9433 


960 




.270 




505 1 


5785 


736 I 


9606 


965 


2 36 


.375 


}:s43e 


510 1 


5863 


740 1 


9599 


970 


3 37 




1.3501 


616 I 


5941 


745 


9b7 




3 38 


:285 


1.3567 


520 1 


6019 


750 




9ft 


390 


.390 


i.3634 


535 J 


6097 


765 


9845 




3 4O0 


.396 


1.3700 


630 1 


6175 


7C0 




930 


3 40g 


.300 


1.2767 




6253 


765 2 


00 




4 9 


.305 


1.3834 


540 1 


6331 


770 2 


03 


000 


3 4 S 


.310 


1.3S01 















To find the Length of the Curve of a Sigh! Semi-Ellipse. 

EiiupliE.— What ig the len^lh of the curve oT tho srch of n biiiJeo, tho snii 

Ing 70 seel, mi the height 30.10 fee! 2 

30.104-70 ^.-1,10 = per lahk, 1,4637, and 1*537X70 — 105.3890, the lBi!£lii ra- 



When the Curve is not that of a Right Semi-Ellipse, the height 
being half of the Transverse Diameter. 



,E.~W)iaI Is Ibe length of Ihe profile < 

60-=-a=30.tS5x3=-4a8, Uielnbulorl 
en. 1.4537x'35xa=103.1T90.1he Lengi 



' aich (il being 

agih of which ii 
L lequired. 
Miwaa of heights. 



a,?..Ti*2; 



.Google 





Tabl 


oj the Areas of the Zones 


ofaCArc 






TicEU. , 


A..., 


siBbl, 


a™». 


iriji... 


i™. 


fcijti. 


ir™. 


.001 


00100 


115 


11397 


346 


33480 


375 


33604 




§0300 


ViO 


11883 


350 


23915 




33931 


.003 


00300 




12368 


255 


S4340 


385 


34353 


.004 


00400 


130 




260 


34775 


390 


34569 


.005" 


00500 


135 


13334 


365 


35201 


395 


34879 


.010 


OIOOO 


140 


13814 


270 


35634 


400 


35182 


,015 


01499 


145 


14394 


375 


36043 


406 


36479 


.030 


01999 


150 


14773 




36469 


410 


35769 


,035 


02499 




16S48 


386 


S6871 


415 


36061 


.030 


02998 


160 


1B723 


290 


arseo 


430 


863S6 


.035 


03497 


165 


16195 


396 


27686 


435 


36594 


.040 


03995 


170 


16Q67 


300 




430 


36853 


.045 


04494 


175 


17186 


306 


38486 


435 


37104 


.050 


04993 


180 


17C03 


310 




440 


37346 


.055 


0548S 


185 


18069 


315 


39370 


445 


37579 


.oeo 


05985 


190 


18533 


330 


39657 


450 


37806 


.065 


06483 




18994 


335 


30039 


456 


38015 


.070 


06977 




19453 




30416 


400 


38316 




07472 


305 


19910 


335 


30790 


465 


38466 


ioao 


079 B5 


310 


30365 


340 


31159 


470 


38853 


.085 


08458 


315 




345 


31523 




38747 


.090 


08951 


330 


31368 


360 




480 




.095 


09443 


335 


31715 


355 


33387 


485 


39036 


.100 


09933 


ago 




360 


32587 


490 


39137 


.105 


10422 


335 


SS603 


S66 


33931 


495 


39333 


.110 


10910 


340 


23043 


370 


33370 


500 


39270 



Not 



To find the Area of a Zone by the above Table. 

l.—tfAiTi the ions Is grmUr tAm a part ef a satidrcle. lake the he^ht 

nmeler; find the reapecUve quoHenlain Ihe column of hc^hls, mi lake 
teas epiioelte to them, mulUplylas Die areas Ihus ftiund by Ibe square of 
eler or elvad, and Ihs pioducls, added together, wilt be the area requited, 
n ^ tiaipAlB, dijiide the diffsf- 



txecn lis teiffM gi7>eii and lAi tUgllt in He table firet • . — - 

Ihe tai«lar arm of ihs kail hsieM. Thus, if tic height is ,333, 
.30410— .3(mo=.06374-H5=.00074Sx3(eices9 of 333oyet 330) = . 00K4i+.304J6 

EsiMpLK.— Whni l3 the urea nf zona, the diameter of the cirete lieing 100, and 
the heights reapeolively 30 snd 10, upoo each side of W! 

an-lOO = .aoo, and 300, per table, = ,J0453>;10B» = 1945.3, 



,d 100. pe 



= 003.3, 



....Gooylc 
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MENSURATION OF SOLIDS. 

33. OF C 




' Solidityofa Cu6e—fig 21 

1 1 L — L III I 1 1 ilf of tlie cube by itsell and Ihat product 

o^iiri L^ ihL '•eJ'* ini tbi., last product n;ll be the solidity 

TofitidthsSd^ihlyofaParallelepi^ilon—Ji^ 34 

Rule —Multiply the iengib by the bieadth and that product by 

Llie ilppth and this product is the solidity 

OF REGULAR BO DIPS 
To find ths SolidUy of aimj Reg^dai Boiii 
Rule. -"Multiply the tabular solidity in the folh^mg table by the 
cube of the linear edge, and the product is the solidity 

Tabi,e oflAe Si/lidii^s of the Rcg'iiar Bodies iBha, the Li'xar Bdge is 



NiimlviolSidK 


H^a. 


s,^\ma. 


30 


Tetrahedron. 

Hexahedron. 

Octahedron. 

Dodecahedron. 

Icosahedron. 


11785 
1 00000 
0.47140 
7.6B3ia 
3,18169 



OF CYLINDER 1 




To find the SoHdity of Cylinders, Prisms, a 

Rule.— Multiply the area of the base by 
uct is the solidity. 



I Ungtilas—figs. 25, 36, 
le height, anil the prod- 
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Tiljmd Sie Sdidiiy of an UTtgKla,fig. 28, ioA«i H^ seclimt patsei 

obliguely lisirugK the qfiaider, abed. 

Rdlk.— Multiply the area of the base of the cjlitider by half the 

sum of the greater and less heights ae, cf of the ungula, and the 

product is the solidity. 

Wi/M t/ie Sectiifa passes Uttmigh the base of Uie Cylinder and one of Us 



Rui.E. — From | of the cube of the right sine a d, of half the aru 
ng of the base, subtract the product of the area of the base, and the 
cosine df of said half arc* Multiply the difFarence thus found by 
ihe quotient of the height, divided by the versed sine, and the prod- 
uct is the solidity. 

When the S^clion passes /ibH^hj ihrmigh both ends of t/ie Cylrndsi, 

adce—fig.Sa. 
Rule.— Find the solidities of Iheungulas adce and die, and the 
ilifTerence is the solidity required {cortceimng the secUon to be con- 
tinued till it meets the side of the cylinder). 




lb find Ike Sdi.izly of a Co i' or Py am l—fi^s 31 and 33 

RuLB.— Mi^ltipiy the area of the base by the height cd, and i the 
prodnct will be the content. 

Tofijid the SdUHii of the FVastnim, of a Co?ie-~-fig. 3S. 

Rule, — Divide the difference of the cubes of the diameters ai, erf 
of the two ends by the difference of the diameters ; this quotient, 
multiplied by .7854, and again by J of the height, will give the so- 
Udity. 

To find Va; SolUityofl}i£Pntsbim,ofaPyramid—Jig. 34. 

Rule. — Add to the areas of the two ends of the frustrum the 
square root of their product, and this sum, multiplied by \ of Ihe 
height a b, will give the solidity, 

• It tbt lieielil <i!lho base bo teB= i;iau radius, ulherwisa adj Ihcm. 



MEKSUKATION OF SOLIDS. 
OF WEDliES AND PUISMOIDS, 




To find Uic SotidUy of a Wedge— fi^. 



Rdi-e.— To the length of the edge of the wedge d e add twice the 
length uf the hack a A; multiply this sum hy the height of the wedge 
if, and then by the breadth of the back c a, and i of the product 
Kill be the solid content. 

To find lis SeUdily of a Prismoid—fig. 3ij. 
KuiE.— Add the areas of the two endsaJc, rfe/, and four limes 
the middle section g h, parallol to them, together ; rnulliply this sum 
by J of the height, and it will give the solidity. 



SPHERES. 




To find t/ie SoUdily of a Splice— fig. 37, 
Rui.B. — Multiply the cube of the diameter by .5336, and the prod- 
uct is the solidity. 

Tb find the Sdidily of a Spherical Segmsnt—fig. 38. 
RuLK. — To three times the square of the radius of its base a J, add 
the square of its height ci; then multiply this sum by the height, 
and the product by .6336. 

Tbfiiiid the Solidily of a Spherical Zone or Frastntim^-fig. 39. 

RcLK, — To the sum of the squares of the radius of each end 

eih,cd, add \ of the square of the height iiJ of the zone; and this 

sum, multiplied by the height, and the produel by 1.5708, will give 

the solidity. 



F SPlIiiUOlDS.* 




'pheroid—fi^s. 41 and 43. 
ralkl tn the rmolimig axa 



To find the So illy of a Sphnind—fi^ 40 
Bulk. — Multiply the square of Ihe revolvngais cdby tie fixed 
Hiis ab; the product, multiplied by .5336, will give the solidity. 

To find the SoUdilp of He Segmmt of a 

RntK. — Wkeniht fewa efia circular, or 
cd, fig. 41. Multiply tha fixed axia ai by 3, the height of the b ., 
mont ay by S, and subtract the one product from the other ; then 
multiply the remainder by the square of the height of the segment, 
and Uie product by .6336, Then, as the square of the fixed axle is 
to the square of the revolving axis, bo is the last product to the 
content of the segment. 

Rule. — When the bate ef is per^cadicvlaT to the renolmng utt's c d, 
fig. 43. Multiply the revolving axis by 3, and the height of the seg- 
ment eg' by 3, and subtract the one from Ihe other; then multiply 
the remainder by the square of the height of the segment, and the 
product by ,5S36. Then, as the revolving axis is to the fixed a3cis, 
so is the last product to tha content. 



Rule. — When the ends ef and g A are cireular. or parallel la the re- 
volmng axis c d, fig. 43. To twice thesquareof therevolvingaxised, 
add the square of the diameter of either end, ef or gk; then multi- 
ply this sum by the length a J of the frustrum, and the product again 
by .3618, and this will give the solidity. 

Role. — When ike ends ef amd gh are ellipticat, or perpendicular ie 
the revolving axis c d, fig. 44. To twice the product of the transverse 
and conjugate diameters of the middle section a b, add tha product 
of the transverse and conjugate of either end; multiply this sum by 
the lengUi iJt of the frustrum, and the product by ,3618, and this will 
give the solidity. 



• Sphere 



orOTtoE 



yblate- They are prDlate when prodiired by 
tranBvme diamstet, and ohiala wheu pMdm 



lh» 




Tojmriiie So^ily of a draiiar SpiniUe— 
IluLE. — Multiply tlie central ilistance oe by baJf the area of tli« 
evolving segment acef. Subtract the product from J of the cube 
/b of half the length ; then multiply the remainder by 13.5664 (or 
lour times ^.1416), and the product is the solidity. 
To find the SoUdHfij of the I^Vustrum, or Z/me of a Cimular Spindk— 
fig.i&. 
Rule,— From the square of half the length hi of the whole spin- 
dle, take i of the square of half the length ni of the fruElmm, and 
multiply the remainder by the said half-length of the frustrum; mul- 
tiply the central distance oi by the revolving area* which generates 
the frustrum; suhtraot the last product from the former, and the 
■ ■ r, multiplied by 6.3832 (or twice 3.1416), will give the eo- 




Tojimd the Solidibj of an ElUptic SpindJe—fig. 47. 

Rble.^-To the square of the greatest diameter a 6, add the square 

of twice the diameter ef at \ of its length ; multiply the sum by the 

length, and the product by .1309, and it will give the solidity nearly. 

Td pad OiE SoUdzly ef x Piiisimm, or Segment of ait EUiptk ^ndk— 
fig. 48. 
Rur.E,— Proceed as in the laat rule for (his or any other solid 
formed by the revolution of a conic section about an axis, viz. : Add 
together the squares of the greatest and least diameters, ab.cd, and 
the square of double the'diameter in the middle, between the two ; 
multiply the sum by the length ef, and the product by .1309, and it 
will give the solidity. 
NoTB.— For all saoh jQliOt, Uiis rule is oiMlwhen lie hoS; in fotmed hy Ibe ooiiic 



ircle, aad triangleB or paralle1egT»rfi9 



OF PARABOLIC CONOIDS 




Tojiiid the SoHdHij of a Parabolic Conoid*- 
Rd(,e.— Multiply the area of the base dc by half the altitude /y 
and the product will be the Bolidity. 

bt pBzpcndicalsj or oblique tQ the Bxia of the eolicl. 

"Hi find tlis Sdidity of a PrKSiiiaii of a Piiiraboloid-~fig. 49. 
Role.— Multiply tlie sum of the squares of the diameters a* and 
/( c by the height ef, and the product by .3927. 

To fund the SeHdUy of a ParabrMc SpinMe—fig. 50, 
Rni.1!.— Multiply the square of the diameter oi by the length Ae. 
and the product by .4188, and ii will give the solidity. 

Ta find the SoUdily of the MidcOe Frailtfam of a Paraidic S^mtte — 
fig- 5!. 
Rule. — Add together 8 times the square of the greatest diameter 
ed, 3 limes the square of the lea'st d*3 neter ef and 4 t'mes the 
product of these two diameters ; mult [ ly the >!um by the length a b, 
and the prodaet by .05836, and it w U g ve the sol d ty 

HYPEKBDLmilS AND HYPEBBOLIC CONOIDS 




To find the Solidii^ of a Hi}>e>bo!mi-~-fig 53 
RoLS,— Tolhesquareoftheradusofthebisedi add the square 
of the middle diameter n m ; multiply this sum by the height t r, and 
the product again by .5336, and it will give the solidity. 
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To fiitd the SdidHy of Iks Praskvfm af a HgperMii: Co/uiid—fig. 53. 
Rule. — Add together the squares of the greatest and least semi- 
diameters as and dr, and the square of the whole diameter nm in 
the middle of the two ; multiply (his sum by the huight r s, and the 
product by .5236, and it will give the solidity. 




Tofirtd Vie SoUdity of a ChjUndricai Ring— fig. 54, 
Rule.— To the thicltness of the ring a b, add the inner diameter 
b c ; then multiply the sum liy the square of the thickness, and the 
product by a.lGTi, and it will give the solidity. 



BY MATHEMATICAL FORMUL-E. 

FRIfSTRVM OF A EIGHT TRIANGULAR PRISM. 

The base xK''+S'+^")' ^ ^^'"S ^^e heights. 

FBUSTBUM OF ANY RIGHT PEISM. 
The base X its distance from the centreof gravity of the section. 

CYLINDRICAL SEGMENT. 

Contained between the base and an oblique plane passing through 
a diameter of the base, twice the height X the quotient of the square 
of the radius -:-3 ; orfir%i- being the radius audi the height 

SPHERICAL SEGMBWT. 
— (3r'+A^). r being the radius of the base, and h the height of the 
:!figmcni. 

SPHERICAL ZONE. 

^{3R=+3r'-!-ft=), Rr being the radii of the bases. 

hr . 

-T'l " heing the revolving dianioter, and b the axis of rCTolution. 



MENSUKATION C 



a of the base x the lieight. 

CIRCULAE SPINDLE. 
— -Ss^r^^ic^), s being the area of the revolving segment. 

AHY SOLID OF REVOLUTION. 



Tejmd a Cylinder of a Given Saiidilf (p) wiik Iks Least Smfaa 
Let (I ^altitude, and d:^ diameter of base. 
Then ^ =^ i, and ^ = anra of bases. 
4* 



Convex eurfaee . = pdi 
ITierefore . ^ + -7 = a n 



CASK GAtieiNS. 



Casks are asually comprised ander the following figures, viz. : 
1, The middle frustrum of a spheroid. 
S, The middle frustrum of a parabolic spinille, 

3. The two equal fruatrnms of a paraboloid. 

4. The two equal frustrams of a cone, 

and their contents can be computed by the preceding rules for these 
figaree. 

Tb find tie QmleiU of a Cask by faur Dimensiom, 
RuLB. — Add together the squares of the bung and head diame- 
ters, and the square of double the diameter taken in the middle be- 
tween the bung and head ; multiply the sum by the length of the 
cask, and the product by .13iJ9. 

Or, ri309 (ii°-l-D'-|-aBI=), / being the length, dD the head and 
hung diameters, and M a diameter midway between them. 

Or, /( Y dDM being the areas of the diameters. 



W}/e% lie Cash is standing. 
;x^^_5±M^j being the height of the fluid. 



G(H)«.^ Ic 
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WJien tie Coai is on its iUgc. 

Kni.E. — Divide tiie wet inches by the hung diameter, and oppo- 
s'le to the quotient in the column of versed sines, page 13, t^e the 
area of the segcnenl ; multiply this area by the content of the cask 
In inches or gallons, and the product by 1.25 for the ullage required. 

EuMFLE.— What is the ullage of a cask that contains 35689 
cubic inches, and has 8 inches of liquor on its bilge, the bung diam- 
eter 32 inches! Ans. 4930. 



( of the furegoing Rales. 



a TUB length^ 


■ a par^dl* 


.lopipcaenoi, Bg. 21,1= 


8 tactics, ils 'i'^h lc«rf 




itheHjIldityl 




3. TUB iMse of . ' 


. cjlindet 


tt6,flg.2S.i3 30mches.i 


ind Ihe height h c 50 Inches ; 
.awn. SO.IS1 cubic feet. 


L-hat Is Ihe solldily 






4. TIWEidesora 


ptUaiai, 


ie, lig.aS,areoach5l! 


iches, and the holghl id 10 




esoUdliy 






Hen 7.5- 


-3.7.5-5.7-5-5=3.! 


i.vTr5^5X2:5S2rsxlO = 














, fig. 27. H a seiiiidKle, the radios 5 indiEs, »nd the 




.25inch« 


i; what la Uie validity 1 








fig. H3, is a circle, the radius 8 hiches, and Ihe heights 


S the Bides i and 


4 inches 


; wh3.1 Is the solidity 1 


^sa. C03.1SO. 


7. Thsbaseofa 

iJlidily 1 


cone, eg. 


31, is 20 inches, and the 


height cd 34; vhai Is the 
.a«. 3913,38. 




ofUiesrei 




m of a Male, fig. 39, Is 5 feet, 


lie less end a* 3 f. 


,el.;.adt]i 


e petpendlciilar heigbl 9 


°* ' " * Jlus^m^. 




Dlidilyofl 




lal pyramid, to H a rfdeo* 
end3feel,ai.riheha^lilo4 


»bepa,...d, 


being 4 f« 


!!, and one of the lestfflt i 


10. How many 81 


3lld feel 1 


,re there iTi a wedge, fig.; 


35, the tase al is M inches 


3iig,c«9inctaa,a 




is. and Ihe height d/2Si 


nehes! Ji„s.iXaa. 




solidily 01 


r 0. metangular pnsiDoid. fig. SO, the bme being 13 by 


4 inches, llie lop 4 




es, and lie perpendicular height 13 feel 1 








.Sm. 10.666. 




Bolidily of the sphei-e, fte. 37, tliB diameter being 17 Inches ! 










13. The segmeai 


rf'asphe 


te, fe.38,has»radlHS«. 


SofT Inches for its base, and 



10, and the 1 

Is c li. fig. 43, is en. the revDlvhis niie 100, and Ihe hcigl 
08 ; what is lis solidity ) Jim. 91 

SDhdlly of the middle frusmim of a spheroid, fig. 43, Ihi 



, InlheiiiiildlefraslrgmB/ii, lig. 44,™iiWaisa|ilierniii,lliediaineteKOf(l 
are 40 bv 24 iDchea, ttiE lulddJe diaiuelers ace SO ond 30, and the hslght !k 
:hes; what is ths aoLidUy 1 Juj. 38081 .104. 

Whnl ia the soLidily of s cLicular eplodlis t^. 45, Uie disujica o t V.07 inchi 
<ng[h/e7,07incliea, and [he [actLiuoc 10 Inchest ^HS.SID.SB. 

The lenglh of ail dUptic apindle n i, fie. 17, ia 85, Ha greoten diamaier sd S 
he dlameler ef. m i of lis lengLh. a» IniSiee ; what is its solldll; i 

A„s. 2479a.4S35. 
Whatis theBulidily of the psrshoLIc couoid. fig. 49 ; ils height f/le 60, oi 



The middle tyoeltum oCu psjabi 



.Google 



AREAS OF CiaCLES. 





-*'l 


A,». 




,„. 




""■J 


Dkm. 


,« 


A 




"■■" 


■r. 


Jr« 




bV 


00019 


5. 


19.635" 


13. 


13.09 


19. 


383.53 




00076 






20 


629 






15 


46 






387 


37 


12 








647 






17 


85 






291 


03 


1 


00306 
01337 






23 


690 
758 






30 


71 






394 
398 


88 
64 








34 


850 






135 


IS 






803 


43 


A 

i 


03761 
04908 






35 


967 
103 






137 
130 


67 
19 






306 
310 


35 

34 


^ 


07669 


S 




39 


274 
464 


13 




135 


39 


30 




314 
319 


16 
09 


1 


1104 






30 


679 














333 


06 


^ 
i 


1503 






31 


9L9 
183 






140 
143 


50 
13 






336 
330 


05 
OS 


1983 






34 


47i 








80 








10 


A 


SIS A 






35 
37 


784 
133 






148 
151 


48 
20 






338 
343 


16 
36 


i 


30ST 






38 


484 


14 




153 


93 






346 




n 
A 


3713 
4417 




j 


41 
43 


871 
718 






15B 
159 
163 


69 
48 
29 






350 
354 
358 


49 
65 
84 


{? 


5184 






44 


178 








13 






363 


06 


5 


6013 






45 


603 














367 


33 






4T 


173 






170 


87 






371 


54 


tI 


6903 






48 


707 






173 


78 






375 


83 


(. 


7854 






50 


365 


15 








23 




380 








9940 






51 


848 




i 


179 


67 






384 


46 




i I 


237 






53 


450 




i 


182 


65 








82 




1 1 


484 
7S7 




f 


55 
56 


088 
745 






185 


69 






393 
397 


60 


3 


1 2 
1 2 

1 I 


073 
405 
761 

976 


' 


J 


68 
60 
61 

65 


426 
132 
862 
617 
396 
300 


16 




191 
194 
197 
301 
304 
307 


83 
93 
06 
31 
39 


..: 


■ 


406 
410 
415 
420 
424 


03 
49 
97 

00 
55 


3 


i 4 

i 4 


430 
908 
4il 
039 
491 


10 




69 
70 
73 
74 
76 


039 
883 
759 
663 

539 






310 
313 
317 
320 
323 
336 


59 
83 
07 
35 
65 
98 


34! 




433 
438 
443 
447 
453 


13 
73 
30 
01 
69 
39 




1 ^ 
f t 


069 
395 






80 
83 
84 


515 
516 
540 
590 






333 
337 
340 


33 

10 
53 






457 
461 
466 
471 


86 
63 




1 1 


330 
044 
793 
586 
364 


11 


i 


90 
92 
95 

97 


664 

885 
033 
305 


18 




343 
347 
850 
354 
358 


94 
46 
01 


as! 




476 
481 

490 
495 


35 

97 
87 
79 






186 
033 
904 
800 






99 
101 
103 

lOB 


403 
62 
86 






361 
365 
368 
373 


63 
18 

80 
44 






500 
505 
510 


74 
71 
70 
73 






730 
665 






108 
110 


43 
75 






376 
379 


11 


.1 h' 




530 
535 


70 
83 



AREAS OF CIRCLES. 
Table — (Continued). 



Dl,^ 




ir, 


'■ 




1 " 


■ 




in 


a™ 






H., 


a™ 




36 


530.93 


33. 




40. 


1356 


T 


47. 


1734.0 








04 


■i 


|55.30 


79 






1364 








744 


1 






641 
B46 


35 


■ i 


868 
874 


30 






1280 


3 




1 


753 
763 


i 






551 


54 






41 








3 






772 









556 


76 


■1 




00 






396 


3 






781 


3 






563 


00 




894 


61 






304 






i 


790 








567 




■1 


90! 


35 






313 






1 


1800 


1 


37 




673 
57T 


55 

87 


34. 


907 
914 


93 
61 


41 




1320 
1338 


3 


43 


i 


1809 
1818 


5 






5S3 


30 




921 








1336 






i 


1838 


4 






588 








06 






1344 








1837 


9 






593 


95 




834 


8S 






1353 


6 






1847 


4 








3T 




941 


60 






1860 








1856 


9 






604 






948 


41 






1369 









1866 








610 


26 






35 






1377 


8 




1 


876 




■18 




615 


75 


35- 




11 


43 




1385 


4 


49 




885 


7 




1 


631 


SB 




96S 


99 




i 


1393 


7 






S93 


3 






626 








00 




I 


401 
















633 


35 




983 






1 


410 
















637 


94 




939 


80 






418 


6 














643 






996 


78 






436 
















649 


IS 




1003 








1435 
















654 






1010 








1443 












i9 




660 




S@'-\ 


1017 




43 




1453 




50 




1963 


5 






6G6 






1034 


9 




1 








i 


1973 


3 






671 


Hf) 




1033 









1469 
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<1 b60354 




317163 


76 


5771. 


43b9-6 


8 717797 




236824 


77 


6«9 


45Ij533 


8 774964 




35-133! 


78 


6084 




8 831760 




373659 


79 


6341 


49303J 


8 888194 




290841 


80 


b400 


5I"000 


8 944271 




308870 


81 


6561 


53H41 


9 




3367.19 


82 


6/24 


551368 


9.055385 




344481 






571787 


9 


110433 




363071 


84 


7056 


593704 


9 


165151 




379519 


86 


<235 


614135 


9 


319544 




396830 




7396 


636056 


9 


373618 




414006 


87 


7569 


658503 




337379 




431047 


88 


7744 


681473 




380831 




447960 


89 


7931 


704969 


9 


433981 




464746 


90 


8100 


729000 


9 


486833 




481405 


91 




753571 




539393 




497943 


SS 


8464 


778688 


9 


591663 




514367 


93 


8()49 


804357 




643660 




530655 


94 




830534 




695359 




546836 


9B 


9035 


857375 


9 


746794 




562903 


96 


9SI6 


884736 


9 


797959 




677857 


97 


9409 


913673 




848867 




594701 


98 


9604 


941193 




899494 




610436 


99 


9801 


970399 




949874 




636065 


100 


lOOOO 


1000 000 


10 






641589 


101 


lOSOI 


1030301 


10 


049875 




657010 


103 


10404 


1061308 





099504 




673330 


103 


10609 


1093737 





14889! 




687548 


04 


0816 


1(34864 





19S039 




702669 


05 


1035 


1157635 





346950 




717694 


06 


1338 


1191016 




395630 




732624 


07 


1449 


1335043 


10 


3440 BO 




747459 


08 


11664 


1259712 


10 


392304 




7632at 


109 


11881 


1295039 


10 


440306 




776856 


no 


13100 


1331000 


10 


488088 




791420 


HI 


12331 


1367631 


10 


6356631 H 


805806 



Table —{Continued) . 



™lc. 


Sq=s™ 


Oul*. 


s? 


mltoo.. 




^i.»B=«. 






404938 


10.583005 


4.830384 




13769 


443897 


10 


630146 




834588 




13996 


481544 





677078 




84880S 


15 


13325 


530875 





733805 




863944 


16 


13456 


660896 





770339 




876999 


17 


136S9 


1601613 





816653 


4 


890973 


IH 


13931 


1643033 





863780 




904868 




14161 


1686159 


10 


908713 




918686 


30 


14400 


1738000 


10 


954451 




932434 




14641 


1771561 


11 






946088 




14S84 


1815848 


11 


045361 




958675 




15129 


1860867 




090536 




973190 


34 
35 


15376 
15635 


1906634 
1953135 




135528 
180339 


5 


986631 


36 


15876 


3000376 




334973 


6 


013398 


37 


16139 


3048383 




269427 


6 


036636 


28 


16384 


2097163 




313708 


5 


039684 




16641 


3146689 




357816 


6 


053774 


30 


16900 


3197000 




401764 




065797 


3i 
32 


17161 
17434 


3348091 
3399968 




445533 
489135 


5 


078753 
091643 


33 


17689 


3353637 




533663 


5 


104469 


34 




3406104 




576836 


5 


117330 




183S5 


2460373 




618950 


5 


139938 


36 


18496 


3515456 




661903 




143663 


37 


18769 


3571353 




704699 


5 


155137 


38 


19044 


3638073 




747344 


5 


167649 


39 


19331 


2685619 




7S9836 


5 


180101 


40 


19600 


3744000 




833159 




193494 


41 




3803331 






5 


304838 


42 


30164 


3863288 




916376 


5 


217103 


43 


20449 
30736 


3934207 
3885984 




958260 


5 
5 


339331 
341483 


45 


31035 


3048635 




041594 


5 


353588 


46 


31316 


3113136 




083046 


e 


365637 


47 


31609 


3176533 




134355 




377633 


48 


S1904 


3341793 


3 


165535 


5 


389573 


4a 


33301 


3307949 


2 


306565 


5 


301459 


riO 


33500 


3375000 




347448 


5 


313393 


51 
53 


33801 
33104 


3443951 
3511808 


la 




5 


335074 
336803 


53 


33409 


3581677 


13 


369316 


5 


348481 


64 




3653364 




409673 


5 


360108 




34035 


3733876 


13 


449899 


5 


371685 




54336 


3796416 




489996 


5 


383331 


57 


34649 


3869893 




639964 


5 


394690 


58 


24964 


3944313 


3 


569805 




406130 


5B 


253S1 


4019679 


3 


609520 




417501 


60 


36600 


4096000 


3 


649110 


5 




61 


36931 


4173281 




688577 


5 


440133 


63 




4351538 


13 


727833 


5 


451362 


63 


36569 


4330747 




767145 


5 


463556 


64 


36896 


4410944 




806348 


5 


473703 


66 


37335 


4493136 


13 






484806 


86 


■;7ri.->6 


4574206 


13 


884098 


5 


496865 


167 


271)89 


4657463 


IS 


932848 




60637B 



li-i 


SCJtfARES, CUBES 


AND BOOTS. 








Table— (Continued). 




Bunto. 


s,..™. 


Cib. 


Squar, Uml. 


Cd-R™i. 


08 


S82'2i 


4741633 


13.961481 5 


.617848 


69 


38561 


4836809 


13. 5 


.528775 


70 


28900 


4913000 


13.038404 5 


.639658 


71 


39341 


5000311 


13.076696 5 


..550499 


73 


39584 


5088448 


13.114877 5 


.561398 


73 


39939 


5177717 


13.153946 5 


.572054 




30378 


5368034 


13.190906 5 


582770 


irs 


30625 


5359375 


13.338756 5 


593445 


176 


30976 


6451776 


3.266499 5 


604079 


177 


31339 


5545233 


3.304134 5 


614673 


178 


31684 


5639752 


3.341664 5 


635236 


179 


32041 




3 . 379088 5 


635741 


180 


33400 


5S33000 


13.416407 5 


646216 


18! 


33761 


6939741 


13.453634 5 


656653 


182 


33134 


6038568 


13.490737 5 


667051 


183 


334H9 


6138487 


13.637749 5 


6774U 


184 


33850 


6339504 


13.564660 5 


687734 


185 


34325 




13.601470 5 


698019 


186 


34596 


6434856 


13.63818 6 


708367 


87 


34969 


6539303 


13.67479 5 






35344 


6644673 


13.71130 5 


738654 




35721 


6751269 


13.74772 5 


738794 


90 


36100 


6859000 


13.784048 5 


748897 


191 


36481 


6967871 


13.830375 5 


758966 


192 


36864 


7077888 


I3.85640S 6 


768998 


193 


37219 


7189057 


13.893444 5 


778996 


194 


37636 


7301334 


13-938388 6 


788960 


I9S 


38025 


7414875 


13.964340 5 


798890 


I9G 


3S416 


7529536 






197 




7645373 


14-035668 5 


318648 


198 


39304 


7762393 


14.071247 6 




199 


39601 


7880599 


U.1U6736 5 


838273 


200 


40000 


8000000 


14.143135 5 


848035 


301 


40401 


8130601 


14. 177446 5 


857765 


203 


408O4 


824S408 


14-313670 5 


867464 




41209 


8365437 


14.347806 5 


877130 


B04 


41616 


8489664 


14.383856 5 


886765 


205 


42035 


8615125 


14.317831 6 


896368 


206 


42438 


8741816 


14.352700 5 


905941 


207 


43849 


8869743 


14.387494 5 


91 5481 


208 


433C4 


8998912 


14.433305 5 


934991 


209 


43681 


9133339 


14.456833 5 


934473 


210 


44100 


9361000 


14.491376 S 


943911 




44531 




14.635839 5 


963341 


s s 


44944 


9538138 


14.5603 9 5 


963731 


2 3 


45369 


9663597 


14-5945 9 5 


972091 


S 4 


45796 


9800344 


14.6387 8 5 


981436 


3 6 


46335 


9938375 


14.6638 8 5 


990737 


iS 6 


46656 


10077696 


14-896938 6 




8 7 


47089 


10318313 


14.730919 6 


009344 


318 


47534 


10360332 


14.764833 6 


018463 


219 


47961 


10503459 


14.798648 6 


0276 SO 


220 


48400 


10B48000 


14.833397 6 


036811 


321 


48841 


10793861 


14.866068 6 


045943 


333 


49384 


I 034 1048 


14.899664 6 


055048 


S33 


49729 


11089567 


14.93318i- ?j, 


Q64126 



Vmhr. 


squ^. 


c.t* a 


PMlto.. 


Cub. Itoor. 




SOI 76 


11239434 14 




073177 


325 


50GS5 


11390625 15 


6 


082301 




61076 


11543176 15 


033396 6 


091199 


227 


fi!529 


11697083 15 


066519 6 


100170 


328 




11852352 IS 


099668 6 


109116 


229 


62441 


13008989 16 


133746 6 


118032 


S30 
231 


52900 
533BI 


12167000 15 
12336391 15 


165750 t 


136925 
135793 


833 


53S24 


1S48716S 15 


231546 t 


114634 


233 


64389 


13649337 16 


364337 6 


163449 


234 


64756 


128 12904 16 


29705S 6 




235 




13977875 15 


339709 6 


171006 


336 


65696 


13144356 15 


363391 6 


179747 


237 
238 


56 169 
56044 


13312053 16 
13481273 5 


394804 
437248 6 


188463 


239 


57121 


13651919 5 


469634 6 


205821 


240 


57600 


13834000 6 


491933 6 


314464 


2il 


68081 


13997531 6 


534174 6 


233083 




6H564 


14172488 5 


566349 


231678 


343 


69il49 


14348907 15 


588457 6 


340351 


344 


59636 


14536784 16 


620499 6 


248800 


345 


60026 


I 4706 135 16 


663475 6 


367324 


246 


60516 


I4S86936 15 


684387 6 


265836 


247 


61009 


16069333 16 




274304 


248 


6iaOi 


15352992 15 


748015 6 


283760 


248 


62001 


16438349 15 


779733 6 




SSO 


62500 


16635000 15 


811388 6 


399604 


251 


63001 


16813251 16 


842979 6 


307993 


353 


63S04 


16003008 16 


874507 6 


316359 


363 


64009 


16194277 15 


905973 6 


324704 


S54 


64616 


6387064 16 


937377 6 


333036 


855 


65026 


6581375 15 


968719 6 


341326 


366 


65536 


6777216 16 




349602 


S5T 


66049 


6974593 16 


031319 6 


357859 




06604 


7173512 16 


063378 6 


366096 


259 


67031 


17373979 16 


093476 6 


374310 


360 
361 


07600 
68121 


17576000 16 
17779581 16 


24515 6 
55494 6 


382604 
390876 


263 


68644 


17934738 16 


86414 6 


398837 


263 


69169 


18191447 18 


217274 6 


406958 


364 


69690 


18399744 16 


248076 6 


4L5068 


265 


70335 


18609636 16 


278830 6 


433157 


266 


70756 


18821096 16 


309606 6 


431326 


187 


71289 


19034163 16 


340134 6 


439275 




71834 


19348832 16 


370705 6 


447305 


169 


72361 


19465109 16 


401219 6 


455314 


870 


73900 


19683000 16 


431676 6 


463304 


871 
272 


73441 
73984 


19903511 16 
30133648 16 


462077 6 
492433 6 


471274 


273 


74629 


30346417 16 


523711 6 




974 


76076 


30570824 16 


663945 6 


495064 


275 


¥6625 


20796875 16 


583134 6 


503956 


STfi 


70176 


31024576 16 


613347 6 


610839 


377 


76729 


31363933 18 




518684 


278 


77384 


31434953 16 


673332 6 


536619 


3T9 


77841 


21717639 16 


703393 / ■ 6 


634836 



SQUARES, CUBES, AND EO 

TiET.E — (Continued), 



N^iBT, 


Eq™^. 


C^tt. 


s, 


-""'■ i 


*.B<«I. 


280 


78400 


31953000 


) 6. 733300 1 G 


643133 




78961 


33188041 


16 


763054 , 6 


649911 


383 




33436768 


16 


783865 ■ 9 


557673 


383 


80089 


33665187 


19 


SS3603 ■ 6 


565415 


384 


80656 


33906304 




863299 6 


573139. 


385 


81335 


33149135 




881943 6 


580844 


386 


81796 


33393651) 




911534 6 


588531 




83369 


33639903 




941074 6 


596303 




83944 


33887873 


16 


970563 6 


603354 


289 


83531 


34137569 


17 


6 


6U488 


390 


84100 


34389000 


17 


039386 6 


619106 






24643171 


17 


058722 6 


636705 


393 


85364 


24897088 


17 


088007 9 


634387 


393 


85849 


35163767 




11734S e 


641851 


394 


86436 


35413184 


17 


146438 6 


649399 


395 


87035 


35673376 


17 


175564 6 


656930 


296 


87616 


25934336 


17 


304650 6 


664443 




88309 


36198073 


17 


333687 6 


671940 


398 


88804 


39463693 


17 


362676 6 


679419 




89401 


36730899 




391616 9 




390 


90000 


37000000 


17 


330503 6 


694338 


301 


90901 


37370901 


17 


349361 6 


701758 


303 


91304 


37543908 


17 


378147 6 


709173 


303 


91809 


37818137 


17 


406S95 6 


716569 


304 


93416 


33094464 




435595 6 


733B50 


305 


93035 


38373636 


17 


464349 6 


731310 


306 


93636 


38653616 


17 


493856 6 


738665 


307 


04349 


38934443 


17 


531416 6 


745997 


303 


94864 


39318113 




549933 6 


753313 


309 


95481 


39503639 




578395 6 


760614 


310 


96100 


3979100G 


17 


606816 6 


76^899 




96731 


30080331 


17 


635193 6 


776168 




97344 


30371338 


17 


663531 6 


783433 


313 


97969 


30664397 




691806 6 


789961 


314 


9S596 


30959144 




730045 6 


796884 


315 


99 325 


31355875 


17 


748339 6 


804091 


316 


99856 


31554496 


17 


776383 6 






100489 


31855013 


17 


804493 6 


818461 


318 


101134 


33167433 


17 


833554 6 


335634 


319 


101791 


33461759 


17 


860671 6 


833771 


330 


102400 


33768000 


17 


838543 6 


839903 




103041 


33076161 


17 


916473 6 


847031 


333 


103684 


33336343 




944358 6 


854134 


333 


104339 


33698367 




973300 6 


861311 


334 


104976 


84013334 


18 


£ 


868384 


335 


1051135 


34338135 




027756 6 


875343 




106378 


34645976 


18 


055470 6 




337 


06939 


34965783 


la 083141 6 


889419 


338 


07584 


35387553 


18.110770 6 


896435 




08341 


35611389 


18.138357 ! 6 


903436 


330 


08900 


36937000 


18 


165903 6 


910433 


331 


09561 


36364691 


IS 


193405 6 


917396 


333 


110334 


36694368 


1« 


330867 6 


934355 


333 


110889 


36926037 


l* 


348387 p 


931300 


334 


111556 


37369704 


IS 


375666 p 


938333 


335 


U3335 


375y5376 


18 


303005 1 ri 


945 149 



squj^hes, cubes, abd ro 
Tab LB— (Continued) . 



Number. 


Eq-™. 


Cuh, 


Sfl 


BBHWI. 




UteRMl. 




113896 


37033056 


18.330303 


6.953053 


337 


13569 


38373763 




367559 




958943 




14S44 


38614473 




384776 




965819 


339 


14921 


38958219 




411953 




972682 


340 


15600 


39304000 








979533 


341 




39651831 




466185 




98B369 


342 


116964 


40001683 




493343 




993491 


343 


117649 


40353607 




620369 


7 




344 


11833B 


40707584 




547337 




006796 


345 


1190S5 


41063635 




574175 


7 


013579 


346 


11D716 


41431736 




601075 


'• 


030349 


347 


120409 


41781933 




627936 




037106 


348 


131104 


43144192 




654768 




033850 


349 


121801 


43508549 




681541 




040581 


350 


123500 


42875000 




708286 




047308 


351 


123301 


43343551 




734994 


j 


054003 


352 


133904 


43614308 




761663 




060696 


353 


134609 


43986977 




788294 




067376 


354 


135316 


44361884 




814887 




074043 


3S5 


126035 


44738875 




841443 




080698 




126736 


46118016 




887962 




087341 


35 T 


137449 


45499293 




894443 




093970 




128164 


45883713 




930887 


7 


100588 


359 




46268379 




947305 


7 


107193 


360 


139600 


46656000 




973666 




113786 




130331 


47046881 






7 


130367 


363 


131044 


47437938 




036397 


7 


130935 


363 


131769 


47833147 




052558 


7 


133492 


364 


132496 






078784 




140087 


365 


133335 


48637135 




104973 




146569 






49037896 




131136 


7 


153090 


367 


134689 


494308B3 




157344 




169699 


368 


136424 


49836033 








136095 


369 


136161 


50343409 




309373 




173680 


370 


136900 


50653000 




S35384 




179054 


371 


137641 


61064811 




361360 




185516 


37a 




61478848 




387301 




191966 


373 


I391S9 


61895117 




313307 




198405 


374 


139876 


53313634 




339079 




304833 


375 


140635 


53734375 




364916 




311347 


376 


141376 


63157376 




390719 


7 


317652 


377 


143139 


535S3633 




416487 




324045 


378 


143884 


54010153 




443333 




330437 


379 


143641 


64439939 




467932 


7 


236797 




144400 


54872000 




493688 


7 


243156 


381 




65306341 




619331 


7 


349504 




1469S4 


55743968 




544830 




355841 


383 


146689 


56181887 




570385 




263187 


384 


147456 


66633104 




595917 


7 




386 


148325 


67066635 




631416 


7 


374786 




148996 


57612456 




646883 


7 


381079 




149769 


67960B03 




673315 


7 


337363 


388 


160544 


68411073 










389 


151331 


58863869 




733083 




299893 


390 


153100 


50319000 




748417 


7 


306143 


391 




59776471 




773719 


7 


31238a 



SQUAKES, CUBES, AKD UOOTS. 
Table— (Continued). 



Nu„.b„ 


^^ 


Cube. 


s 


^b™l 




.i.h™l 


393 


KSObi 


00236288 


19.79'8989 


, 31B611 


^9■J 


154449 


60698457 


19 


834337 


7 324839 


344 


155336 


61183984 


19 


849432 


7 331037 


Ji)5 


I5S0J5 


61638875 


19 


874606 


7 337334 


396 


156816 


63099136 


19 


899748 


7 343430 


J97 


157609 


62570773 


19 


934858 


7 349596 


398 


i'ib404 


63044792 


19 


949937 


7 355763 


1Q9 


159301 


63S31199 


18 


974984 


7 361917 


400 


160000 


64000000 


SO 




7 368063 


401 


looaoi 


64481301 


30 


034984 


7 37419S 


403 


161604 


84964808 


30 


048937 


7 330332 


403 


lfa3409 


65450837 


20 


074869 


-/ 330437 


404 


lG3Sie 


65939364 


30 


099761 


7 392642 


405 


1640 .J5 


66430 1S5 


20 


24611 


7 308836 


406 


1 6483 8 


66923416 


20 


49441 


7 404720 




le.b-ag 


67419143 


20 


74341 


7 410/94 


408 


I()b4h4 


67911313 


30 


99009 


7 416859 


109 


167381 


68417939 




333748 


7 4S2914 


410 


IBS 100 


G8931000 




248456 


7 438958 




168931 


C943653I 


20 


273134 


7 434993 




] 63744 


69934538 


30 


397783 


7 441018 


413 


170569 


70444997 


20 


323401 


7 447033 


414 


171396 


70957944 


20 


346989 


7 453039 


4 5 


1 3 5 


71473375 


20 


371548 


7 459036 




3056 


7I991S96 


20 


896078 


7 465033 






73511713 


30 


430577 


7 4-10999 


4 8 


74 4 


73034632 


20 


445048 


7 478966 




17 bl 


73560059 


30 


469489 


7 483924 


4'>0 


76400 


74088000 


SO 


493901 








74618461 


20 


518284 


7 494810 


422 


1 8084 


75151448 


SO 


543638 


7 600740 


4:23 


789 9 


75686967 


so 


566963 


7 '506660 


434 


1 9 76 


76225034 




591360 


7 513571 


435 


3 5 


767656S6 


20 


615538 


7 518473 


426 




77308776 


SO 


639767 


7 


534365 


i 


339 


77854483 


30 


663978 




530248 


138 


8 84 


78403753 


30 


688160 




636131 


1 9 


34041 


78953589 


30 


712315 




541986 


430 


81900 


7B5070OO 


30 


736441 




547841 


n 




80063991 


SO 


760539 


7 


553888 


433 




80621568 


30 


784609 




559535 


43^ 




81183737 


30 


808653 




565353 


434 


S3 6 


81746504 


30 


833666 


7 


571173 


4^5 




83313875 


SO 


868653 


7 


576984 


436 


90 96 


82881856 


30 




7 


582786 


437 


909f)9 


83453453 


30 


904545 




588579 


438 


9 844 


84037678 


SO 


938449 


7 


594363 


439 


9 731 


84604519 


SO 


852326 




600138 


440 


193600 


85184000 


20 


976177 


7 


605905 




94481 


8576612! 


31 






611663 


44" 




86350388 


31 


033796 


7 


617411 


443 


16 49 


86938307 


31 


047565 


7 


633151 


444 


197 36 


87538384 


21 


071307 


7 


638883 


445 


198035 


88131135 




095033 




634606 


446 


198916 


88716536 


31 


118713 




640321 


447 


199809 


89314633 


31 


143374 


7 


646037 
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sqnr. 


ct.. 


S,!..™ B.«, 


CI.KO0,. 


S(l 1170-1 


89915393 


S1.1G6010 


.651735 


3<11(.01 


90518849 


31.189620 


.657414 


aussoo 


9U35000 


31.313303 7 


.663094 


aoaioi 


91733851 


31,336760 7 


.668766 


304301 


93345408 


31.360391 7 


.674430 


SnS3U9 


93969677 


31.383796 7 


.680086 


206106 


93576664 


31.307375 7 


.685732 


307025 


94196375 


31.330729 7 


.691371 


S07936 


94818816 


81.354156 7 


.697003 


303849 


95443998 


31.377558 7 


.70363* 


309764 


96071913 


31.400934 7 


.708338 


aiufiei 


96702579 


31.434385 7 


.713844 


SllfiOO 


97336000 


31.447610 7 


.719443 


;;is53i 


97972181 


31.470910 7 


.735033 


313144 


98611138 


21.494185 7 


.730ei4 


3143fi9 


99353847 


ai. 517434 7 


.736187 


315396 


99897344 


31.540659 7 


.741763 


316325 


100541635 


2 .563858 7 


.747310 


S1715S 


O1194fi90 


3 .587033 7 


.753860 


315089 


01847563 


2 .610183 7 


.758403 




03503333 


3 .633307 7 


.763936 


319961 


03161709 


31.B56407 7 


.769462 


330900 


103833000 


21.679483 7 


.774980 


331841 


104487111 


31 703634 7 


.780490 


2SS784 


105154048 


21 735561 7 


.785993 


333799 


1058^3817 


31 748663 7 


.791487 


334676 


106496434 


31 771541 7 


.796974 


335C35 


107171875 


31 794494 7 


.803453 


336576 


107850176 


31 8174S4 7 


.80793.5 


337S39 


108531333 


31 840329 ; 




3284S4 


109316353 




.818845 


339441 


109603339 


31 186068 : 


834394 


330400 


1JOS93000 


31 908903 7 


839735 


331361 


111384641 


31.931713 7 


835168 


333334 


111980168 


31 954498 7 


840694 


3333^9 


1136/8687 


31 977361 7 


846013 


334356 


113379904 




851434 


E35335 


114084135 


23 033715 7 


856838 


336196 


114791366 


23 045407 7 


863334 


337169 


115501303 


33 068076 7 


867613 


338144 


116314373 


22 090732 7 


873994 


333131 


U6930I69 


33 113344 7 




340100 


117849000 


23 135943 7 


883734 


3410S1 


118370771 


33 158619 7 


889094 


243064 


119095488 


33 181073 7 


894448 


343019 


119833157 


33 303603 7 


899791 


314036 


130553784 


23 336110 7 


905129 


34 5025 


131387376 


23 348695 7 


910460 




133033936 


22 371057 7 


915784 


S47009 


133763473 


33 333496 7 


931100 


248004 


133505993 


33 315013 7 


926408 


349001 


134351499 


22 338307 7 


931710 


350000 


125000000 


32 360679 7 


937006 


351001 


135761501 


33 3S3029 7 


942393 


352004 


136506008 


2> 106366 7 


947573 


253009 


137263537 


33 437B01 7 


953847 
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-b,!.™. 






449944 7 


958114 






473305 : 


963374 






494443 7 


968637 




43 


516660 7 


973873 






638855 7 


979113 






661038 7 


984344 






583179 7 


939569 






*>3 605309 7 


994788 






637417 8 








649503 8 


005305 






671568 8 


010403 






693611 8 


01559S 






715633 8 


030779 






737634 8 


0S6957 






759613 8 


031139 






781571 8 


036293 




00 


803608 8 


041461 






825424 8 


046003 






847319 8 


051748 






869183 8 


066886 






891046 8 


063018 




44 


913878 8 


067143 






934689 8 


073363 






956480 8 


077374 






78350 8 
8 


082480 
087679 






31738 8 


092678 






43437 8 


097768 






65135 8 


103838 






86792 8 


107913 






08440 8 


113980 






30067 8 


118041 






51673 8 


133096 




48 


73360 8 


138144 






94827 8 


13318S 






216373 8 


138223 






337900 8 


143363 






.69406 8 


148376 


2937C4 


159330088 




163293 


294849 


160103007 


33 


302360 8 


168304 


395936 


160989184 


33 


323807 8 


163309 


297035 


161878fi35 




346235 8 


168308 


S98116 


163771336 


S3 


366643 8 


173303 


299209 


163667323 


33 






300304 


164566598 


S3 


409399 8 


183369 


30H01 


I6S469149 


23 


430749 8 


188344 


302600 


166376000 


33 


462078 8 


193318 


303601 


167284161 


32 


473389 8 


198175 


304704 


168196608 


23 


494680 8 


203131 


305809 


169113377 


33 


515962 8 


308082 


306916 


170031464 


23 


537304 8 


213037 


308035 


170953875 


S3 


658438 8 


217965 


309 13S 


171879616 


33 


579652 8 




310249 


172808693 


S3 


600841 8 


2278S5 


311364 


173741113 




6S2083 8 


333746 


312481 


174676879 


33 


643130 8 


337601 
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Table— (Continued). 
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C„b.. 


s, 


=™Rooi. 


.« I.™r. 


360 


313600 


175616000 


33 


664319 8 


343570 


561 


3147S1 


1765S8481 


23 


685438 8 


347474 


563 


315844 


177504338 


33 


706539 8 


353371 




316969 


178453547 




737631 8 


357363 


564 


318096 


179406144 


33 


748684 8 


263149 


66a 


319335 


180363135 


33 


769738 8 


367039 


566 


830356 


181331496 




790754 a 


371903 


567 


331489 


182334303 


S3 


811761 8 


376773 


568 




183250433 


33 


832750 8 


381635 


56a 


333761 


184330009 


33 


853730 8 


286493 


570 


334900 


135193000 




874673 8 


391344 




336041 


186169411 


S3 


895606 8 


396160 




357184 


187149348 




916531 8 


301030 


573 


338339 


188133517 


33 


987418 8 


305865 


574 


S29476 


189119334 


23 


958297 8 


310694 


575 


830636 


00109375 




979157 8 


315517 


576 


331776 


91103976 






330335 


577 


333939 


93100033 


24 


030834 S 


335147 




334064 


93100653 


24 


041630 8 


339954 


579 


335241 


194104539 


34 


063418 8 


334755 


580 


336400 


195113000 


34 




339551 


oSl 


337561 


196133941 




103941 I 


344341 


583 


338734 


197137368 




124676 8 


349135 




3398S9 


193155387 


S4 


145393 8 


353904 


5fi4 


341056 


199176704 


34 


166001 8 


358678 


5b5 


343335 


300301635 


34 


186773 8 


363446 


5SB 


343396 


301330056 




207486 8 


368309 


587 


344569 


303362003 


34 


228083 8 


373966 


588 


345744 


S03397472 


34 


348711 8 


377718 


589 


346931 


304336469 


34 


369323 8 


383465 


590 


348100 


305379000 




389915 6 


387206 


591 


34-1381 


306425071 




310491 8 


391943 


593 


350464 


307474638 


24 


331050 8 


396673 


533 


351649 


308537857 


34 


361591 8 


401398 


594 


353836 


309584584 


34 


373115 8 


406118 


595 


354035 


310644875 


24 


393631 8 


41 0832 


596 


355316 


311708736 




413111 8 


415541 


597 


356409 


312776173 


34 


483583 8 


430345 


59« 


357604 


313847193 


S4 


454038 8 


424944 


599 


358801 


314931799 


34 


474476 8 


439638 


600 


3600O0 


216000000 


34 


494897 8 


434337 


601 


361301 


317031801 




515301 3 


439009 


603 


363404 


318167308 


34 


535688 8 


443687 




363600 


3193563S7 


34 


566058 8 


448360 


604 


364816 


330348864 


24 


576411 8 


453037 


605 


366025 


331445135 




596747 8 


457689 


606 


3fl73S6 


323545016 


34 


017067 8 


46334T 




308449 


333648543 




637370 8 


406996 


608 


369664 


334765713 


34 


657656 8 


471647 


609 


370881 


335886539 


34 


677935 8 


476389 


610 


373100 


336981000 


34 


698178 8 


480936 


611 


373331 


338099131 


34 


718414 8 


485567 


613 


374544 


339330038 




738633 8 


490184 




37576<) 


230346397 


34 


758836 B 


494806 


614 


370996 


331475544 


34 


779033 8 




615 


378335 


333608376 


34 


799193 8 


504034 
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i^,- 


Cubr 


_jl 


ar, ito,. 1 c 


.JI.HM. 


616 


373456 


333744896 


34 819347 1 8 


50&641 


617 


38U6S9 


334885113 


34 


S39484 8 


'■) 13343 


618 


381 824 


236039032 


34 


859605 8 


517840 




383161 


337176659 


24 


879710 8 


532483 


B30 


384700 


338338000 


34 


199799 8 


527018 


621 


385641 






919871 8 


531600 


632 


386884 


340641848 




939927 8 


536177 




888129 


341804367 




959987 8 


540749 


634 


as9376 


342970CS4 


34 


979993 8 


545317 


625 


390635 


344140635 


3E 


8 


549879 




391876 


345314376 


35 


019993 8 


554437 


637 


393139 


346491883 


35 


039968 8 


558990 


628 


3943R4 


347673153 




059938 8 


563537 


esq 


395641 




35 


079873 8 


568080 


630 


396900 


250047000 


35 


099800 8 


573618 




398161 


351339591 


25 


119713 8 


677153 


833 


399134 


253435968 


35 


1-19610 8 


581680 




400699 


353636137 


35 


1-W491 8 


586304 


634 


401956 


354840104 




179350 8 


590733 




403235 


356047875 


35 


199206 S 






404498 


3B7359456 


25 


319040 8 


599747 


637 


405769 


258474853 


35 


338858 8 


604352 


638 


407044 


35969407S 


35 


358661 8 


608753 


633 


408331 


360917119 


35 


378449 8 


813348 


640 


409600 


363144000 


35 


398331 8 


617738 


641 


410S81 


363374731 


35 


317977 8 


82S224 




413164 


264609383 


35 


337718 8 


626706 


fi43 


41J449 


365847707 


35 


357444 8 


831183 


fi44 


414736 


367089984 


35 


877155 8 


635655 


S45 


416035 


36S336125 


25 


396850 8 


840133 


646 


417316 


269586136 


36 


416530 8 


644585 




41860B 


370840033 


35 


436194 8 


649043 


64fi 


419904 


373097793 


25 


455844 8 


653497 


649 


421201 


273359449 






657916 


ligO 


433500 


274635000 


35 


495007 8 


663301 


651 


423801 


375894451 


35 


514701 8 


666331 


653 


435104 


377167808 


35 


534290 8 


671268 


663 


436409 


378445077 


35 


553864 8 


676697 


(154 


437716 


379726364 


35 


573433 8 


880133 


(i55 


439035 


381011375 


35 


692967 8 


684545 


(i56 


430336 


383300416 




613496 8 


688963 


657 


431649 


383593393 


35 




693376 


6'iS 


433964 


384890313 


35 


651510 a 


697784 




434381 


386191179 


35 


670995 8 


702188 




435600 


387496000 


35 


690465 8 


706587 


661 


436931 


288804T81 


35 


709930 8 


710983 


.isa 


43S344 


390117538 


35 


730360 8 


715373 


663 


439569 


391434347 


35 


748786 8 


719759 


u64 


440896 


392754941 


35 


768197 8 


734141 




443335 


394079635 


35 


787593 8 


728618 


666 


44355B 


295408396 


35 


806975 8 


733891 


o67 


444S89 


398740963 


25 


836343 8 


737360 


668 


416324 


398077632 


35 


845696 8 


741624 


669 


447661 


399418309 


36 


865034 8 


745884 


670 


448900 


300783000 


35 


884358 8 


750340 


an 


45D3U 


303IU711 


35 


903687 f 


754691 



s,„™ 


Cub- 


STorsHcw 1 


ul.= iU„>. 


-151584 


303464418 


35.933962 8 


759038 


453939 


3048S1317 


25 


942343 8 


763380 


454376 


306183034 




961610 8 


767719 


455635 


307546875 


35 


980763 8 


773053 


456976 


308915776 


36 




776383 


458339 


310S88733 


26 


019333 8 


780708 




311665752 


26 


038433 « 


785029 


461041 


313046839 


36 


057638 H 


789346 


463400 


314433000 




076600 8 


793659 


463761 


316831241 


36 


09S976 8 


797967 


465134 


317314668 


26 


116139 8 


803373 


4664S9 


318611987 


26 


134368 8 


806572 


467856 


320013604 


36 


163393 8 


810868 


469S25 


331419135 


26 


173504 8 


815159 


470596 


322828856 


26 


191601 8 


819447 


471969 


3 343 13 70 J 


36 


210684 8 


833730 


473344 


335660672 


26 


239754 8 


828009 


474721 


327083769 


36 


348809 8 


833385 


476100 


328509000 


36 


267851 8 


836556 


477481 


339939371 


36 


386878 8 


840833 


478864 


331378888 


36 


305892 8 


845085 


480349 


33381S567 


26 


334893 8 


849344 


481636 


334355384 


36 


343879 8 


853598 


483035 


336702375 


26 


362852 8 


857849 


484416 


337153536 




381811 8 


863095 


435809 


338608873 




400757 8 


866337 


487304 


340068392 


26 


419689 8 


870575 


48R601 


341533099 


36 


4386U8 8 


874809 


490000 


343000000 


36 


457513 8 


879040 


49U01 


344472101 


26 


476404 3 




492804 


345948088 


36 


495283 8 


887488 


494309 


347428927 


26 


514147 8 


891706 


495G16 


348013664 


36 


532998 8 


895930 


497025 


350403635 


36 


651836 8 


000130 


498436 


351895816 


36 


570660 8 


904336 


499849 


353393343 




539471 8 


908538 


501364 


354894913 


36 




913736 


502681 


356400S39 


26 


637053 8 


9(6931 


504100 


357911000 


36 


645835 8 


931131 


505531 


359425431 


26 


664533 8 


935307 


506944 


360944128 


36 


683328 8 


939490 


508369 


363467097 




703059 8 




56 796 


363994344 


36 


730778 8 


937843 


51 335 


365536875 


26 


739483 8 


943014 


51 656 


367061696 


36 


758176 8 


946180 


61 089 


368601813 


36 


776855 8 


950343 


5! 534 


370146233 


36 


795533 8 


954503 


516961 


371694959 




814175 8 


958658 


518400 


373348000 






962809 


619841 


374S0536[ 


SO 


861443 8 


966967 


531284 


376367048 


26 


870057 8 


971100 


53S739 


377933067 
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When tite Number is a Root of any of the Numbers from I la 
1000, as in the preceding Table. 
Finil ill the eolnran of Square Rtiot or Cube Root the number for 
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''X 


IS"' 


5fr" 


50.514 


68. 


60.363 


79. 


70.011 


"90 




79.760 


'.5 


50 
50 


736 
958 


.35 


60.484 
60.706 




35 


70 
70 


333 




25 
5 


It 


981 
303 


.75 


51 


179 




60.928 




75 


70 


676 






80 


435 


58. 


61 


40] 




61.149 


SO 




70 


898 


91 




80 


646 


.35 


51 




.35 
.5 


61.371 
61.593 




35 
5 


71 
71 


119 
341 




35 
5 


80 
81 


089 


'.75 


51; 


065 




61.814 








563 




75 


81 


311 


59. 


53 


287 


70: 




81 






784 


93 




81 


533 


.35 


52 


SOS 


.35 


62 .'357 




25 


73 


005 




35 


81 






63 




.5 


63.478 




5 


73 


337 




5 


81 


975 


Its 




95S 


.76 


63.700 






73 


449 




75 


83 


197 




53 


173 


71. 


63.933 


83 






670 


93 




83 


419 


iss 


53 


395 


.35 


63.143 




25 


73 


893 




35 


82 


640 


.5 


53 


616 


.6 


63.366 




5 


73 


113 




5 


83 




61' 


5S 


059 


.75 
73. 


63.586 


83 


75 


73 
73 


335 
556 


94 


75 




305 


.25 


54 
54 
54 


381 

503 


'.5 

.75 


64!0S9 
64.351 
64.473 




35 
5 
75 


74 


778 
999 
231 




35 
8 
75 


83 


536 
748 
970 


62! 






73. 


64.694 


84 




74 


443 


05 




84 




.35 
.5 




380 




64.916 
65.137 




25 
6 


74 
74 


664 




36 


84 
84 


413 
634 


.75 




610 


.'75 


65.359 




75 


76 


107 




75 


84 










74. 


65.580 


85 




76 


339 


96 




86 


077 


'.25 




053 


.35 


65.802 




35 


75 


550 




i5 


85 


299 


.5 




375 




66.033 






75 








85 


530 


.75 




498 


!75 


66.346 








993 




76 


85 


743 


64. 




718 


75- 


66.467 


86 




76 


315 


97 






964 






940 


.35 






25 


76 


437 




25 


86 


185 










se^Bio 






76 


658 






86 


407 


!75 






!75 


67.191 




75 


76 


S80 






86 


638 


65. 




604 


76. 


67.353 


87 






101 






86 


850 






836 


.25 


67.574 




35 


77 


333 




25 


87 


071 






047 


.5 


67.796 




5 


77 


644 




6 


87 


393 


!75 




aS9 




68.017 








766 




75 


87 


514 






490 


77! 


68.339 


88 






987 






87 


736 


'.'Z5 




712 


.35 


68.461 








309 




35 


87 


958 






934 


.5 


68.683 




5 


78 


431 




6 




179 


.75 






.75 


68.904 




75 


78 


653 




75 




401 






377 




69.125 


89 




78 


874 


100 








!S5 




>98 


|35 
.5 


69.347 
69.568 




35 
5 


79 
79 


095 
317 




26 
5 


89 


544 
065 


'.'7a 




)41 


.75 


69.790 




75 


79 


538 




75 




387 



To find a Square that shall have the same Area as a Given Circle. 
Ejampij;— What U Ihs side of b squore Uial has Iha Bama area as a cliOe of 
73i inches 1 



SIDES OF ECIUAL SQUARES. 
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! TRlGONOMJiT 



PLANE TRIGONOMETRY. 



-C^)- 




Given, Ihfmd AG and B A. 



wid Analou. 


an.C:aln.U : : K A : AC. 


GiVEM. 


TofindBAandBC. 


AC, 
andAjigles 


R: AC: :mn.C:BA. 
IR: AC:i!ec. C:BC, 


Given. 


TofindAngks and AC. 


X".! 


BC; R : :BA : an. C, whoM 
Il:BC;.ri.-B:AC. 


Given. 


Tofivd Angles and BC. 


Both legs. 


tSiu.C^A^'^il'i'BC;'"'"' 





Given, the Angks and Side A B, to find B C and A C. 



A ftom tKP ; Ihe re 
lie othet obglQB lo 

Given, irfi three Sides, lofind aU the Angles. 
Lel&l] £ perpendicular B B oppoaile to thereqaireil ande; Ihen, as AC ; sum 
fAB, DC : : Iheirdlferente : twice D G,llieilH(ance of the perpeadicQlMftom 
he middle o( lite base ; henee A D, C D are known, and Ihe Itlaogle ABC is dlvt 
ed iDto two right-iuiglea triangles B C D, B A D ; ihen.lij the rules in righi-aDglei^ 
rionjies, find Ihe angle A o[ a 
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Table 


of Natu 


id Sines 


C 


T 


«■ 




lU. 


&i». 


Co.i™. 


r.^,. 


D 








.15 


00436 


99999 


00436 


14 


34 








30 


00873 


99996 


00873 








. 


45 
15 


01309 
01745 

osiei 


99991 
99985 
99976 


01309 
03183 


1. 




64 


94 




30 


03618 


99966 


03619 










2 


45 
15 


03054 
03490 
03936 


99953 
99939 
99933 


03055 
03493 
03939 


16 










30 


04363 


99905 


04366 










3 


45 


04798 
05S34 


99863 


04803 
05341 


45 






3 




16 


05669 


99839 


05678 












30 


06105 


99813 


06116 












45 


06540 


99786 


00554 










i 


15 


06976 
07411 


99766 
99735 


06993 
07431 


18 








^ 


30 
45 


07846 
037 16 


99693 
99657 
99619 


07870 
08309 
08749 


19 






46 
84 33 




15 
30 


09150 
09585 


99580 
99540 


09189 
09639 






40 




g 


45 


10019 
10453 


99497 
99453 


10069 
10510 


20 










15 


10887 


99400 


10952 












30 

46 


11320 
11754 


99357 
99307 


11394 
11836 














12187 


99355 


12278 






3 






15 


136S0 


99300 


13722 












30 


!S053 


99144 


13165 












45 


13485 


99087 


13609 














13917 


99037 


14054 


33 











15 


14349 


98965 


14499 












■JO 


14781 


98903 


14946 










9 


45 


15213 
15643 


98769 


15391 
15838 


33 


38 




44 




15 


16074 


98700 


16386 












30 


16505 


98629 


16734 













45 


16U35 
17365 


98481 


17183 
17633 


34 


40 


9 


44 




15 


17791 


98404 


13083 












30 


18224 


98335 


8534 










I 


45 


!8ai2 
19tiai 


98345 
98163 




35 










15 
30 


19509 
19937 


98079 
97992 


9891 
20346 










2 


45 


20364 
S0791 
S1318 


97905 
97815 
97733 


20800 
21366 
31713 


36 






i3 




30 


31644 


97630 


33169 










3 


45 


33070 
33495 


97534 
97437 


33638 
33087 


37 










15 


23930 


97338 


23547 












30 
45 


33345 
33769 


97337 
97134 


34008 
34470 











, COSINES, AND TANGENTS. 
B — (Continued). 



•> 


M 


sine. 


C«iae, 


T^,^. D. 




S[«. 


Ofn*. 


T..(™l. 


28 




40047 


88295 


53"l"70 37 




601 S3 


79864 


75355 






47333 


88089 


53731 


16 


60539 


79600 


76041 




30 






54395 


30 


60876 


79335 


76732 






48099 


87678 


54861 


45 


61223 


79069 


77438 






48481 


87463 


55430 38 




61566 


78801 


78138 




15 


48863 


87350 


56003 


15 


61909 


78.132 


78833 




30 


49342 


8703B 


56577 


30 


62351 


78361 


79543 


30 


45 
15 


49633 
50000 
50377 


86603 
86384 


57154 
57735 39 
58318 


45 
15 


63593 
6293 
6337 


77988 


80358 






50754 


861B3 


58904 


30 


6360; 




-4 


31 


45 
15 


51139 
5150i 
51877 


85941 
86717 
85491 


59493 
60086 40 
60681 


45 
15 


6394 
6437 
6461 








30 


5S350 


85364 


61380 


30 


6494 










53631 


85035 


61881 


45 


6637 






32 




53992 


84805 


63486 41 




6560 


84 






16 


.13361 


84373 


63095 


15 


6593 




8 69 




30 


B3730 




63707 


30 


6636 








45 


54097 


84104 


64393 


45 








33 




54464 


83867 


64940 42 
65663 




6691 
6733 











55194 


83389 


66188 


30 


6755 










55557 


83147 


66817 


45 


6788 










55919 


83904 


67450 43 




6830 








15 


56380 


82659 


69087 


15 


6861 




9 




30 


56fi41 


82413 


68738 


30 


6883 




48 




45 


57000 


83165 


69373 




6915 






35 




57358 




70020 44 




6946 




6 




15 


57716 


81664 


70673 


15 


6977 








30 


58070 


81413 


71339 


30 


7009 








45 


58435 


81157 


71989 


45 


7040 










58779 


80902 


73654 45 




7071 




01 




15 


59131 


80644 


73333 


15 


71019 


70401 


1.00876 




30 






73996 


30 


71335 


70091 


1,01760 




45 


59833 


80135 


74673 











TAKGEKTS moM 4: 



D. 1 


ME-.T.I, 


D. 1 


i^etw. 


D. 


Tiisent. 


c. 


T 


.^.i. 


J). 


TiDSMl- 


16 1 




55 1 


4981 


64 


3.0503 


73 


3.2708 


89 


7.1153 




0734 


66 1 


48*^6 


65 


9. 


1445 




3 


4874 




8.1443 




















7331 








I.=i04 


58 1 


6(103 


67 


V, 


HhM 


76 


4 


II 11)7 


85 


11.4301 




1918 


59 1 


6643 




V 


4751 


77 


4 


3314 




14.3007 




2349 


60 1 


7391 


69 


? 


6051 


7N 


4 


71146 


H7 


19.0811 














7475 
























9042 














3764 




HB26 


73 


3 


UVV6 


81 


6 


3137 




Infinite. 
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5 Ann SECiKTS OF ANGLES. 



Subtract the angle given from 90, look in the table for the re- 
mainder, and opposite to it take out the sine for the cosine, and the 
WBine for the sine of the ai^le given. 

EiAapLB.— What is the sine and the cosine of 85° 1 

85°— 90° = 5", and opposite to 5" in the tahle is 08716 and 99619, 
which are respectively the cosine and sine of 85°. 

Tha sine of 90= is 100000, cosine 0. 

The sine of an arc, divided by the cosine, gives the natural tan- 
gent of that are. 

To compute Tangents and Secants. 



Sin. 









cotangent. 



To find the Secant of an Angle. 
Divide 1 by the cosine of that angle. 
EiAMPT.E,— The cosine of 21" 30- is .93041 ; 

To find the Cosecant of an Angle. 
Divide 1 by the sine of the angle. 



To find the Versed Sine. 
Subtract the cosine from I. 
EiAMFLE.— The cosine of 2i° 30' is .93048; 
1— .B304S = ,06958. 

To find the Coversed Sine. 
Subtract the sine of the angie from I. 
EiiHPLE.— Thesineof21° 30' is .36650; 
1— .36650 = .6335. 

To find the Chord of any Angle. 
Take the sine of half the angle and double it. 
EiAMFLE.— Tlie chord of 31° 30' is required. 



mechjIhical f 



MECHANICAL POWERS. 

Power is a compound of vieighl, or the expansion of a body, mu] 
liplied by its velocity -■ it cannot be increased by mechanical means. 

The Science of Mechanics is based upon Weight and Power, or 
Force and Resklance. 

Tlie weight is the resistance to be overcome, the power is the 
requisite force to oTereome that resistance. When they are equal 
no motion can take place. 

The Powers ars three in number, uis., Leteb, Inclined Plawk, 
und Pulley. 



RuLB.— Divide the weight to be raised by the power, and the 
quotient is the difference of leverage, or the distance from the ful- 
cram at which the power supports the weight. 

Or, multiply the weight by its distance from the fulcrum, and the 
power by its distance from the same point, and the weight and 
power will be to each other as their products. 

EsiMPLE, — A weight of 1600 lbs. is to be raised by a force of 80 
lbs. ; required the length of the longest arm of the lever, the short- 
est being 1 foot. 

. — = 30 feet, Ana. 

Proof, by second iiile, 

1600X 1=1600. 
80X20 = 1600. 

EiAHFLE.— A weight of S460 lbs. is to be raised with a fever 7 
feet long and 300 Iba. ; at what part of the lever must the fulcrum 
be placed % 

—— = 8.2 ; that is, the weight is to the power as 8.3 to I ; there- 
fore the whole length -—-■—■ =— ^8.13 inches, the distance of 
the fulcrum from the weight. 

EiiMPLB.— A weight of 400 lbs. is placed 16 inches from the ful- 
crum of a levfiT ; what force will raise it, the length of the othof 

— -J— = 501bs.,^ns. 



129 

Wien the Pukntm %s al one Exirsmiiy of the Lever, and tits I'oinoi; i>r 

tte Wmghi, at (is aito-. 

RoLE/ — As the distance between the power or toeig^Ai and fulcrum, 

IS to the distance between Ihe weight or yoioer and fulcrum, so is 

the effect to the power, or theymoer to the e§m. 

ExiMPtB— What power will raise 1500 Ite., the weight being S 
feet from it, and 3 feet from the fulcrum! 

5+2 = 7:2;; 1500 ; 428.5714+ Ans. 

EssMPLE.— What is (he weight on each support of a beam tliatis 

30 feet long, supported at both ends, and bearing a weight of 6000 

lbs, 10 feet irom one end \ 

30 ; 20 : : 6000 : 4000 lbs. at the end nearest the weight ; and 

30 : 10 : ; 6000 ; 2000 lbs. at the end farthest from the weight. 

Noi-K.— Pressure npon fttlcrum ia Ule dlffereace gf Ihe weight and Ihs power. 

The General Role, therefore, for ascertaining the relation of 

PowEE to Weight in a lever, whether it be straight or curved, is, 

the power multiplied \>f its distance from the fulcrum, is equal to 

the weight multiplied by its distance from the fulcrum. 

Let P be called the power, W the weight, p the distance of P 

from the fulcrum, and vi the distance of W from the fulcrum ; then 

P ; W ; : w : p, or PXp = Wxw; 

V w 

WXw_ Pxp _ 

-^ P' ^W '"' 

If several weights or powers act upon one or both ends of the 
lever, the condition of equilibrium is 
PXp+P'X/+P"xp", &c., : 
In a system of levers, either of similar, compound, oi 
the condition is 

Let P=:l lb, p and/ each 10 feet, j;" 1 foot; and if wand ui'be 
each 1 foot, and vi" 1 inch, then . 

1x130x130x13 I72S00 .„„„ ,^ , , ,^ 



If the arras of the lever be equally bent or curved, the distances 
flora the fulcrum must be measured upon perpendiculars, drawn 
from the lines of direction of the weight and power, to a line run. 
ning horizontally through the fulcrum ; and if unequally curved, 
measure the distances from the fulcrum upon a line running hori- 
zontally through it till it meets perpendiculars falling from the ends 
of the lever. 



WHEEL AND AXLE. 

The power multiplied by the radius of tlie wheel is equal to the 
weight multiplied b> tho tadius of the axle. 

As the radius of the wheel is to the radiua of the axle, so is the 
iiffect to the power. 

When a series of wheels and axles act upon each other, either by 
belts or teeth, the weight or velocity will be to the power or unity 
as the product of the radii, or circumferences of the wheels, to the 
product of the radii, or circumferences of the axles. 

EsAMPLE.— If the radii of a series of wheels are 9, 6, 9, 10, and 
12, and their pinions have each a radius of 6 inches, and the weight 
applied be 10 ibs., what weight will it raise! 

■=75 lbs. weight. 






a fuller 
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To find the Power of Cranes, ij-i;. 

Rule.— Divide the product of the driven teeth by the product of 
tlie drivers, and the quotient is the relative velocity, which, multi- 
lilied by the length of the winch and tho force in lbs., and divided 
by tho radius of the barrel, will give the weight that can be raised. 

Example. — A force of 18 lbs. is applied to the winch of a crane, 
the length being 8 inches ; the pinion having 6, the wheel 73 l«etli, 
and the barrel 6 inches diameter. 

— = 13X8X 18 = 1738-^-3 = 576 lbs. weight. 
Let ID represent length of winch, rwP ^^ 

r " radius of barrel, ^ ^ 

P " force applied, Wi- ^= moP. 

n " velocity, Wr ^ 

W " weight raised. uw ~ ^^ 

Example, — A weight of 94 ions is to be raised 360 feet in Ifl 
minutes, by a force the velocity at which is 2ao feet per minute; 
what is the power required 1 
380 
-|Y ^= ^^ 1^' P^ mmule. 

?|^=10,S543[on6. 

In a wheel and axle, where the axle has two diameters, the con- 
dition of equilibrium is 

W : P : : R ; J {r— r") ; 
or, PxR^Wx^t'— ^Ji 
that is, the weight is to the power as the lever by which the powei 
woikSjis to half the diSerence of the radii of the axle; 



MECHAKICAL POWERS. 

R representing radius of wheel, 
r " radius of large axle, 

r' " radius of less axle. 



INCLINED PLANE. 


Rule.— As the length of the plane is to its heigi.t, so Is the 
weight to the power. 

EiAHFLE.— Required the power necessary to raise 1000 lbs. up 
an inclined plane 6 feet long and 4 feet high. 

As 6 : 4 : : 1000 i 606.66 Ans. 


Let W represent weight, 

h " height of plane, 
I " length of plane. 
P " power, 
b ■' haso of plane, 
/ " pressure on plane. 


WX4_ , 



To find the Length of the Base, Height, or Length of the Plane, 
whsn any two of them are given. 

Rule. — For Ike length of the base, subtract the aquaro of the 
height from the square of the length of the plane, and the square 
root of the remainder will be the length of the base. 

Fur the length of the vlane, add the squares of the two other di- 
mensions together, and the square root of their sum will be the 
length required. 

For the height, subtract the square of the base from the square of 
the length of the plane, and the square root of the remainder is the 
height required. 

EiAMPLE.— The height of an inclined plane is SO feet, and its 
length 100 ; what is its base, and the pressure of 1000 lbs. upon the 

^30'— 100= = 9600 = 97.98 the base. 
As 100 : SO : : 1000 : 200 lbs. necessary power to raise the 1000 
1000x97 98 
lbs., and — := 979.8 the pressure apon the plane. 

If two bodies en (loo inclined places sustain each other iy the aid of 
a cord over a pullei/, their weights are directly as the lengths of the 
planes. 

EiAMPLE.— If a body of 50 lbs. weight, upon an inclined plane, of 
10 feet rise in 100, be sustained by another weight on an opposite 
plane, of 10 feet rise to 90 of an inclination, what is the weight of 
the latter ! 

As 100 : 90 : ; 60 : 45, the answer. 

Vfhen s, body is supported by tv>o planes, and if the weight be repre- 
sented by the sine of the angle hetiseen the two planes. The pressures 
upon them are reciprocally as the sines of the inclinations of those 
planes to the horizon, viz, : 



MECIIANICAI. P0WES3. 

("Sine of the angle be- 

ine Diane (areas-; ^'"^ °^ ^^''' ^"^'^ °' 

one plane. 
Sine ol the angle ol 
1, the other plane. 
Thus, if the angle between the planes was 90°, of one plane 60°, 
and the other 30°— since the natural sines of 90'=', 60", and 30° are 
I, .866, and .500— if the body weighed 100 lbs., the pressure upon 
the plane of 30° would be 86.6 lbs,, and upon the plane of 60°, 6(J 
lb3. = the centre of gravity being in the centre of the body. 

Wkcn Ihs power does rtol acl parallet to the plane, draw a line per- 
pendicular to the direction of the power's action from the end of 
the base line (at the back of the plane), and the intersection of this 
Une on the length will determine the length and height of the plane 
NoTi.— When Uie line of direcSon of the power 1b pBiallel lo (be plone, Ihe 
power ie Least. 

The space which a body describes upon an inclined plane, when 
descending on the plane by the force of gravity, ia to the space il 
would freely fall in the same time, as the height is to the length of 
the plane ; and the spaces being the same, the times will be Jn- 
versely in this proportion, 

EsiMPLE.-^If a body be placed upon a 
long and 85 feet high, what space will it 
by the force of gravity alone! 

As 300 : 35 : : *16.08 : 1.33 feet, Ans. 

If a body be projected deioa art inclined plane with a given velocity, 
then the distance which the body will be from the point of projec- 
tion in a given time will be (Xii-|--X16.08('; but if the hody be 

• The dislaoce a Sody will fteoly fall In 

The tbrce of an Inclined plane beare Ihe 

OS the beiehl of 1)18 plane beats Co iGlengl — .- 

B. iHidy down sn inclined |>!ane Is Ihnt frnFUonal van of Ihe fbrce of gr 
1* repcesenled by the bBlshl of the plme divided by ■'' lengih. 

Let A repreaeot tbe height or the plane. I lis length, I the time In m 
ipsee which a body will move thtoogh hi a given Hme. » Ihe velocii 

16-03 it' ID Jv^ yi _ _ 

3. 33.18*1 .64.3*8 _ — 

'~ p ™ WiSk' "^ "^Ifl.OSA' '"' 33.16 dn. >' " ^16,0S shi, f 






leogth and hSght In the nfcove rules, end the con- 



prcjecled upiroiif, then, the distance of the hody from the point of 
projection will be (Xi"— j-XlB-OeC. 



When two Bodies are farced from one anolher, in a diteciion Fa- 
tJie bade of Sis Wedge. 
Rule. — As the length of the wedge is to half its back, s( 
the force. 



EiAMFLE.— The length of the back of a double wedge is 6 inches, 
and the length of it through the middle 10 inches; what iathepow- 
7 toaeparateasnbatancehavingaresiBtanceof 150 IbB.t 
As 10 : 3 ; ; 160 ; 4B lbs., Ans. 

Wlisii mdy one of Vis Bodies is MovaMe. 
— As the length of the wedge is to its back, so is the re^ist- 



: 15000 : 900 It 
tso in ptacUco dcp 
ay '^ be raised. Ih 



SCREW. 

Aa the screw is an inclined plane wound round a cylinder, the 
length of the plane is found by adding the square of the circumfer- 
ence of the screw to the square of the distance between the threads, 
and taking the square root of the sum, and the height is the distance 
between the consecutive threads. 

Rule.— As the length of the inclined plane is to the pileh or 
height of it, so is the weight to the power. 

When a wheel or capstan ia applied to turn the screw, the length 
of the lever is the radius of the circle described by the handle of th< 
wheel or capstan bar. 

Let P represent power, 

R " length of level', 
W " weight, 
I " length of the inchned plane, 
p " pitch of screw or height of plane, 
I " effect of power at circumference of screw, 

M 



Tlien, by the above rules, 
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I 
w 


/ ■ 


W 
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R, 
P. 

EsiMPLE. — What is the power requisite to raise a woightof 80OO 
lbs. by a screw of 13 inches circumference and 1 inch pitch t 

13"+!' = 115, and V145 = 13.04159. 

Then, 12.0418 : ; 1 : : 8000 : 064.36 lbs,, Am. 

And if a lever of 30 inches length was added to the screw, 

I2-=-3.I4I6 = 3,8i9-=-S+30=:31.90B5, length of lever. 

Then, as 31.0095x3X3.1416 : 13.0416 ; : 664,36 : 39.9 lbs. Ans. 

Or, let C represent the circumference described by the power, 

P:W::o it, 

C: p :^W:P, 

PxC = Wxp; 
When a hollow screw revolves upon one of less diameter and 
pitch (as designed by Mr. Hunter), the " ' ' " " ^..-. -r 

a single sen 
to the diffevi 

If one screw has 20 threads in an inch pitch, and the other SI, tho 
power is to the weight as tlie difference between -^ and -^ or j^ 
= 1 to 430. 

In a complex machine, composed of the screw, and wheel, and 
axle, the relation between the weight and power is thus : 
I^et X represent the effect of the power on the wheel, 
R " the radius of the wheel, 
p '■ the pilch of the screw, 
r " the radius of the axle, 
C ■' the circumference described by tlie power. 
Then, by the properties of the screw, 
PxC = iXp; 
*nd of the wheel and axle, 

ixR = Wxr. 
Hence we have 

PXCX3:XR = iXpX"WXr. 
Omitting the common multiplier, x, 

PxCxR = WXBXr; 
or P:W : : pXr : OxR, 
andpXr^CxR i : P : W. 
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EiiMFLE,— What weight can be raised with a power of 10 lbs. 
applied to a crank 32 inches long, taming an endless screw of 3i 
inches diameter and one inch pitch, applied to a wheel and axle of 
20 and 5 inches in diameter respectively! 
Cifcumference of 64 = 201. 

1 : SOI : : !0 : 2010. 
Radii of wheel and asle, 10 and 3.5. 

a.a : 10 : : 2010 : 8040 lbs., dris., 
or 3.5X1 ; 201X10:: 10:8040. 
And when a aeries of wheels and axies act upon each other, the 
weight will be to the pnwer as the continued product of the radii of 
the wheels to the continued product of the radii of the axles ; 
thUE. W : P : : R= : 1-3 ; 
or, . r» : R' : : P : W, 
there being three wheels and axlea of the same proportion to each 
other. 

Example. —If an endless screw, with a pitch of half an inch, and 
a handle of 20 inches radius, be turned with a power of 160 lbs., 
and geared to a toothed wheel, the pinion of which turns another 
wheel, and the pinion of the second wheel turns a third wheel, to 
the pinion or barrel of which is hung a weight, it is required to 
know what weight can he sustained in that position, the diameter 
of the wheels being 18, and the pinions 2 inchest 

pXr' : OxR': -P; W; 
or .5X1': 125.6x9" : : 150; 
which, when extended, gives 

.6 : 01582.4 : : 150 : 37468730 lbs.. Ana. 
NoTE.-Tha JiamBler of a Boraw is not s necesfflry olemeTit in delenniniag tbs 

PULLEY. 
When only one Cord or Rope is used. 
Rule —Divide the weight to be raised by the number of parts of 
[ho rope engaged in supporting the lower or movable block. 

Example. — What power is required to raise 600 lbs, when the 
lower block contains six sheaves and the end of the rope is fasten- 
ed to the upper block, and what power when fastened to the lower 

i2a=.50 1bs., Istd^. 
0X3 
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Wiien mm'e titan tme Hope is used. 

In a Spanish burton, where there are two ropes, two movable pul- 
leys, and one fixed and one stationary pulley, with the ends of one 
rope fastened to the support and upper movable pulley, and the ends 
of the other fastened to the lower bloek and the power, the weight 
is to the power as 5 to i. 

And in one where the ends of one rope are fastened to the sup- 
port and the power, and the ends of the other to the lower and up- 
per blocks, the weight is lo the power as 4 to 1. 

ill a system of pvlleys, jnilk ani/ number of ropes, the ends ieing fas- 
tened te the suvvort, 

■W = S"XP, 
n espressing the number of ropes, 

EiiMPLE. — What weight will a power of 1 lb. sustain in a system 
of 4 movable pulleys and4ropesl 

1x2X3x3X3=^16 lbs , ^ns. 

When fixed valleys are «sed in the place of hooka, to attach the ends 
of the rope to the supporl, 

W = 3"XP. 

EiAMPLK.— What weight will a power of 5 lbs. sustain with 4 
movable and 4 fixed pulleys, and 4 ropes 1 

5X3X3X3X9 = 405 lbs., Ana. 

When the eitda of the rope, or the fixed pulleys, are fastened to ths 
weishl, 

■w = (a"— 1)XP, 

andW = (3»-l)xP. 

wliioh would give, in the above exanrples, 

1X2X3X3X3= ie~l=; 19 lbs,, 
5X3X3X3X3=405— 1=404 lbs. 
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CENTRES OF GRAVITY. 

The Cbntke of Gratlti- of a body, or any system of bodies con- 
nected together, is the point about which, if suspended, all the parts 
are in equilibrio. 

If the centres of gravities of two bodies B C be connected by a 
line, the distances of B and C from, the common centre of gravity 
A will be as the weights of the bodies ; 

thus, B:C: : CA;AB. 



rumiy of a Circular Ate, 
= distance from the een 



3. Of a FatoMekgrtsm,, Regviair Polygon, Circle, orEU^. 
The geometrical centre of these figures is their centre of gravity. 

3. Of a Triangle. 
On a line drawn from any angle to the middle of the opposite side, 
at I oCthe distance from the angle. 

4. Of a TVapezimi. 

Draw the two diagonals, and find the centres of gravity of each 
of the four triangles thus formed ; join each opposite pair of these 
centres, and the intersection of the two lines will be the centre of 
gravity of the figure. 

5. Of a TrwpszoiA. 

On a line o, joining the middle points of the two parallel sides 
B i, the distance from B = |x (^t^. 

6. Of a. Sector of a Circle. 
2 X chord of arc X radius of circle .. .. , 

— ^= distance frocn the centre of 



- ., „ - . zi -= distance from centre. 

3x3.1416 

8, Of a Segnieni of a, Cirde. 
Chord of the segment ^ 

■ ■. ■ — ^r-^- — = distance from the centre. 

13 X area of segment 

9. Of a Parabola. 
Distance from the vertex, | of the abscissa. 

« » Google 
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10, Of any Plane Figure. 
Diride it into trianglea, and find the centre of gravity of each , 
t;(>nnect two centres together, and find (heir common centre ; then 
connect this and the centre of a third, and find the common centre 
of these, and so on, always connecting the last found common cen- 
tre to another centre tiJl the whole are included, and the last com- 
mon centre will be that which is requu^d. 
1 1. Of a Cyliitder, Cone, Frustum of a Cime, Pyramid, FmsSum, of a 
Pyramid, or UngiUa. 
The centre of gravity is at the same distance from the base as 
that of the parallelogram, triangle, or trapezoid, which is a right 
eection of either of the above figures. 

13. Of a Sphere, ^kerie/d Segment, or Zone. 
At the middle of their height. 

SOLiss. 

1, Of a Sphere, CgUJider, Cuie, Megidar Polygon, Spli^vid, ESipsoid, 

C^lindri/xU Ring, or miy SpindU. 

The geometrical centre of these figures is their centre of gravity. 

2. Of a RigM Ung^da, Prisrit, or Wedge. 
At the middle of the line joining the centres of the two ends. 

3, Of a Prismoid, or Vkgiila, 
At the same distance from the base as that of the trapezoid or 
triangle, which is a right section of them. 

i.Ofa Pyramid, or Coiie. 
Distance from the base, \ of the line joining the vertex and cen- 
tre of gravity of the base. 

5. Of a Frastam of a Cone, or Pyramid. 
Distance from the centre of the smaller end, 

R and r radii of the greater and less ends in a cone, and the sides 
of a pyramid. 

6. Of a, Paraioleid. 
Distance from the vertex, § of the abscissa. 

7. Of a Fmslmn of a PceraJidtoid. 
Distance on the abscissa from the centre of the less end, 
i h ■ ^ ■, h being the height. 

B. Of a Splieriad Segment. 
Distance from the centre, 

V~a-' , M being the versed sine, s the solid contents of the 



seemcii 



,■ the radius of the s] 



9. Of a Spliet-kal Sedor. 
Distance from ilie centre, \ (i- ). 

10. Of any System Df Sadies, 

Distance from a given plane, 

BD+B'D'+B-'D"+, &c. „^ . ,,. 

= — » ' R' Tt" A ' "^^ " 

anil D tho Jislances of their respective centres of gravity li 



GRAVITATION. 



The times, then, wUl be 1, 3, 3, 4, Sec. ; 

The velocities, then, will be 1, 2, 3, 4, &c. ; 

The spaces passed through as I, 4, 9, 16, &e. ; 

And the spaces for each time as 1, 3, 6, 7, 9, &o. 
A body falling freely will descend through 16.0833 feel in thi 
second of time, and will llien have acquired a velocity wliici 
carry it through 33,166 feet in the next second. 



Table exMMting the Eelntion of Time, Space, and Ydodlies 
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It" the tabic might be continued to any ei 



Rule. — Multiply the time in seconds by 33.166, and it will give 
tbe velocity acquired in feet per second. 
EiAMPLs.— Required the velocity in IS seconds. 

12x33.166 = 386 feet, Am. _ , 



To find the Time which a Body will be in falling through a Given 



Rule, — Divide the space in feet by 1B,083, and the square root ol 
tlie quotient will give the required time in seconds. 
EsiMPLE.— How long will a body be in falling through 403,08 feet 



Rule. — Multiply the square of the time in seconds by lfi.083, anfl 
it will give the apace in feet. 
EiJMFLE. — Required the space fallen through in 5 seconds. 
5' =25X16.083 = 402.03 feel, Ans. 



Rule.— Mnltipiy the space in feet by 64.333, and the square root 
of the product will be the Telocity acquired in feet per second. 

Example. — Required the velocity a ball has acquired in descend- 
ing through 579 feet. 

,/S79x64.333 = 193 feet,.^Ks. 
Ob, when the time ii given, multiply the time in seconds by 32.166. 
Thus, the time for 5T9 feet is 6 seconds; then, 6X33.166 = 
193.996, Ans. 

Tojmd the Space fallen through, the Velodiy being given. 
Rule. — Divide tiie velocity by 8.02, and the square of the quotient 
will be the distance fallen through to acquire that velocity. 

Example.— If the velocity of a cannon ball is 579 feet per second, 
from what height must a body fall to acquire liie same velocity 1 
579-;-8.03 = 72.2" = 5313.84 fe«, Ans. 

To find the Time, the Velocity per Second being given. 
Rule. — Divide the given velocity by 33.166, and the quotient la 
the answer. 

Example.— How long must a bullet be falling to acquire a velo- 
city of 800 feet per second 1 

800-^33. 166 = 24.87 seconds. Am. 
Let J represent the space described by any failing body, t the lime, 
and the velocity acquired in feet. 

The., = . 6.08 ,-,.,f,o,j^^. 



In feel is rsry nearly equal to the squart 
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EuMPLE.— A bullet being dropped from the spire of a church, was 
4 seconds in reaching the ground ; what was the height 1 
4x4x16:^256 feet, Ans. 
BiiMPLE. — ^What is the depth of a well, a bullet being S seconds 

3x4x8 = 64feet, Ans. 
Or, more correctly, as iu case 2, 

and 3X2X16.0833= 64.33 feet. 
Bi/ Inversion. 
!n what time will a bullet fall through 356 feet 1 

^356 = 16, and 16-^4 = 4 seconds, Ans. 
Ascendmg bodies are retarded in the same ratio lliat descending bodies 
ire accelerated. 



I/prajeded dammBard. 

Ru LB.— Multiply the square of the time in seconds by 16,083, the 
velocity of the projection in feet by thenamber of seconds the body 
is in motion, and the sum of these products is the answer. 
If projected upward. 

Then the dilTerence of the above products will give the distance 
of the body from the point of projection. 

Or, iXi'±16.083X(=. 

Example.— If a shot discharged from a gun return to the earth in 
12 seconds, how high did it ascend ? 

The shot is half the lime in ascending. 

13-e-S = 6. an d 6' X 16.08^ = 579 feet, Ans. 

Or, e=Xl6.083— 193.96x6. 

EiiMPLE.^If a body be projected upward with a velocity of 30 
feet per second, through what space will it ascend before it begins 



Or, 30-^8.03=13.98 feet, Ans. 

Example. — If a body be projected upward with a velocity of 96,5 
feet per second, it is required to find the place of the body at the 
end of 10 seconds. 

98.6-^33. 166 =3 seconds, the time to acquire this velocity, and 
3' X 18.083=144.747, the height the body reached with its initial 
velocity: 

Then, 10—3=7 seconds left for the body to fall in. 

Hence, by rule 3 (140), 7= x 16.083=788.067, and 788.067—144 
747=643.33 feet below the point of projection. 

Or, 10' X 16. 083=1608,3 feet, the space fallen through under the 
effect of gravity, and 96.6 X 10=986 feet, the space if gravity did not 
ict. Hence 1608,3—985=643.3 feet. 



KoTB^Ttae Bpece throogh wliicti e bod; nil! desceod oa en Inclined plane is 
to Ihe space Ihroagh which it wouid ftill freely in the lame lime na the height of 

Ifa body descend in a curve, ic laffers no loss of lelocity. 

If two bodips begin to descend from rest, and from tlie some point, the one on 

Then, Tojind the velocity in feel per second, proceed as directed by 
Rule 4 (page 140). 

To find tlie space fallen Ihroagh, ike velocity being given, proceed as 

directed by Rule 5 (page 140). 

To find the d!stan/>e descended, the velocity being given. 

EiAupLE.— Wliat is tlie distance a stream of water will descend 
on an inclined plane 10 feet high, and 100 feet long at the base, in 

5= X 16.083=402.08, and 100 : 10 : : 403.08 : 40.30 feet, Ans. 
Ezperiments, -made by the author in 1852, show that 
the momentti/m of a faUing bod/y is equal to the continued 
product of 4.426 times its teeight and its velocity 

Or, M = 4,4^6 wv- 

Where v = velocity at end of fail in feet per second, and w = 
weight of body in pounds. 

Consequentty, to obtain the weight, M _ 



PJlOMISCXIOtrS EXAMPLES. 

1. Abaliislmin. in falling, how far will it fall in the last second! 
Space fallen through equal the square of the time ; then 1 minute 

=60 seconds. 

fiO' X 16.083=57898 distance for 60 seconds, 
59^X16.083 =55084 " " 59 '■ 

1914 " " 1 " Ans. 

2. Find the time of generating a velocity of 193 feet per second 
and the whole apace descended. 

193—33.166= 6 seconds, ) . 
6' X 16.083=579 feet, S-"-^' 

The nelocily acquired at any period is equal to twice the mean velocw 
daring that period. 

a. Then, if a ball fall through 3316 feet in 18 seconds, with wha 
velocity will it strike? 

2316-vl3= 193X3 = 386 feet, .^n». 



GEAVITIES OF BODIES. 

The gravity of a body, or its weiglit above the earlh'3 snrface, 
decreases as tlie square of its distance from tlie earth's centre in 
seTtii-diameters of the earth. 

EuMPi.E.— If a body weigh 900 Ihs. at the surface of the earth, 
what will it weigh SOOO miles afiore the surface 1 
The earth's semi-diameter is 3993 miles (say 4000). 

Then 2000+4000=6000 or H semi-diameters, 
and 900-+I,5== 400 lbs., ^ns. 
Inversely, if a body weigh 400 lbs, at 2000 miles from the earth's 
Burface, what will it weigh at the surface! 

400X1.6°=9001bs., Am. 
EiAMFLE.— A body at the earth's surface weighs 360 lbs. ; how 
high must it be elevated to weigh 40 lbs. 1 

■/360-f-40=3, or 3 semi- diameters from the earth's surface, Am. 
EsAHPLB.— At what height must a body be raised to lose half its 

weight? 

v'4000''X3=565e— 4000=1656 miles, Ans. 
If the diamtters of two globes be egaal and Ikeir densilies difiertnt, 
the weight of a body art their surfaces vjiSl he as Iheir densities. 

If their deatitiea be equal and their diameters different, the weight of 
fhein will be as tlieir dAametera. 

If tlie dssmeters and densities are both different, the weight will he as 
their products. 

EiAMPLE.— If a body weigh 10 lbs. at the Borface of the earth, 
what will it weigh at the surface of the snn 1 their densities being 
393 and 100, and their diam eters 8000 and 883000 miles. 
883000X100xl0+-8000x39ii=3S1.5!bs.,jl!!s. 



SPECIFIC GRAVITIES. 

The specific gravity of a body is the proportion it bears to the 
weight of another body of known density, and water is well adapt- 
ed for the standard ; and as a cubic foot of it weighs 1000 ounces 
avoirdupois, its weight is taken as the unit, viz., 1000. 

To find the Specific Oravity of a Body heavier than Water. 

RuLB. — Weigh it both in and out of water, and take the differ- 
etice ; then, as the weight lost in water is to the whole weight, so 
is 1000 to the specific gravity of the body. 

EisMPLE, — What is the specific gravity of a stone which weighs 
15 lbs,, but in water onlv 10 lbs. ? 

15—10=^6. '5 : 15 : : 1000 : 3000, Ans. 

When iAe Body is Ughler than Woier. 

Rule.— Annex to it a piece of metal or stone, weigh the piece 

added and the compound mass separately, both in and out of water. 



find how much each loses in water by subtracting iis weight in 
water from its weight in air, and subtract the less of these differ- 
ences from the greater ; then, 

As the last remainder is to the weight of the light body in air, so 
IS 1000 to the specific gravity of the body, 

EiiMPLE. — What is the specific gravity of a piece of wood that 
weighs 20 lbs. in air ; annexed to it is a piece of metal that weighs 
24 lbs, in air and SI lbs, in water, and the two pieces in water 
weigh 8 lbs. T 

20+ El— 8=36 
34—31 =3_ 

33:20 : : 1000 : 606, Ans. 

O/aPliiid. 

Rule, — Take a body of known specific gravity, weigh it in and 

out of the fluid ; then, as the weight of the body is to the loss of 

weight, so is the specific gravity of the body to that of the fluid. 

EiAMPLB.— What ia the specific gravity of a fluid in which a piece 

ofcopper (I, g-.=9000) weighs 70 lbs. in, and 80 lbs. out of it 1 
80 : 80—70 : : SOOO : 1135, A^. 

r to 

RuLB.— Take the differences of each specific gravity of the ingr* 
dients and the specific gravity of the compound, then multiply the 
gravity of the one by the difference of the other ; and, as tlie sum 
of the products is to the respective products, so is the specific grav- 
ity of the body to the proportions of the ingredients. 

EiAMPLE.— A body compounded of gold (.5. g,=l8,e88) and silver 
(s. g. =10.635) has a specific gravity of U ; what is the proportion 
of each quantity of metal! 

18.888-14=4.888x 10.535=51.496 
4—10.535=3.465 X 18 888=65.447 



65,447+51.495 : e5.4( 
65.447+51.496 : i 






To find the Weights, that of the Compound deing given. 
Rnr,B. — As the specific gravity of the compound is to the weight 
of the compound, so are each of the proportions to the weight of 
Its material. 
Example. — The weight, as above, heing 38 lbs. 
,. „„ ( 7.935 : 15.67 gold, 
^* ■'"'■■■ i 6.185 : 13.33 silver. 

Proof of Spiriluous lAguors. 

A cubic inch of proof spirits weighs 334 grains ; then, if an inch 
cube of any heavy body weigh 234 grains less in spirits than air, it 
shows that the spirit in which it was weighed is proof. 

If it lose less of its weight, the spirit is above proof; and if it Jose 
more, it is below proof. 
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EiiiiPLE, — What Is the weight of a ciihe of Italian marhle, the 
fljdes being 3 feet 1 

3=xS708 = 73Ufi oi. -M6 = 456fl.7 lbs., Ana. 

Or, of a 3 inch sphere of oast iron, 3= x 5236x560 weight of a 
I'ubio inch =1,0B9 lbs., Ans. 






e Weight of Timber in a Green and Scaai^cd Stale. 
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I of wur (English) 



Givim the Diameter of a BnUo(Ki to find what Weighi it ti}iU raise. 
Rule. — As 1 cubic foot is to tbe specific diiference between at- 

inoBpheric air, and the gas used fo inflate the balloon, so is the oa. 

pacily of [he balloon to the weight it will raise. 
EiAMpr.E.— Tlie diameter of a balliKin is 2B.S .feet, and the gas 

used lo inflate it is hydrogen ; what weight will it raise t 

I.OOo":" 537,04 •.' : AiW ': 36.89 wt. of 1 cubic foot of hydrogen. 
Then 1 ; 537.04—36.89 ; ; 36.6>X-5236 ; 4830293, grains, -r-7000 
(grains in a lb.), =690.04 lbs., Ans. 

Given the Weight to be raised to find (fe Dianhdcr of a BaSoim. 

By inversion of Ike preceding rule. Tlie weight to be raised is 
(590.04 lbs, ; what is the diameter? 

490.15 = {527.04— 36.89) ; 1 :: 69004x7000 : 9S54.7S5 cubic 
feet, -r .5336, the cube root of the quotient, ia 36,6 feet, Ans. 
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STRENGTH OF MATERIALS, 



TENSILE STRENGTH 



R M 



weight given m the preceding tables, and the product is the strength 
NoTE.—TbcpracUoalvnlueiBabauiioltliflabnvf!. - i 



STEENGTH OF I 

E JAMPLK,— In a square bar of ordinary wrought ir 
what is the reaistance ! 

3x2x60000 = 240000 lbs., Ans. 

Also, in a rod of cast steel i inch diameter, area 
130000 = 83558 lbs., Am. 

The aisolule streiigth of materials, pulled lergthwii 
tion to the squares of their dj 



The Lateral or Transoerse Strength 
Of any heam. or bar of wood, iJcc., is in proportion to its breadth, 
ntultlptied by its depth squared, and in like-sided beams as the cube 
of the side of a section. Or, one end being fixed, and the other pro- 
jecting, is inversely as the distance of the weight from the section 



noted upon, and the strain upon any a 
tance of the weight from that section. 

The strength of a projecting beam is only i 
would be if supported at both ends, and the \ 
middle. 



directly as tl 



The strength of a projecting hea 






e length, fixed at both ends, and the weight applied in the mid- 

The strength of a beam to support a weight in the e 
when the ends rest merely upon two supports, c< 
ends being fixed, is as 2 to 3. 



Oas Foot in LnngUi, and 1 l!u:k S. 



s. Weight suspended from one end. 
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^WhiteOak 


S40 


9, 


196 


40 


-a Sweet Chestnut 


170 


1,8 




65 


1 Yellow Pine . . . 


ISO 


1.7 


100 


62 


" "White rine 

1 Ash 


175 


1,4 
2.4 


95 
105 


64 


V Hickory .... 


370 


8. 


200 


50 



. Oiie Foot in Lengt/i, and 3 Indies S^uwe. 
White Fine . . . . | 1037 [ i.5 | 8 

Cy[,iNDER. One Foot in Lmgt/i. 



;e Strength of Diet and Wk< 



Weiglit snspejided from one end, 
SijUAEE Bar, One Foot m Letigth by 2 Inches 



i«rS5t »l 9 tl!ier]tam« ™nli Hun U.UI. 


y^F 


SJ," 


V...- 


^ 


^s;;;; 


Cast Iron, cold blast . . 


5781 


4000 


400 


390 


S15 



Cvr.iNDEH, One Fooi in Length, and 3 /kcAm Diameter. 

'C ast Ir on, cold bl ast . . |"l8i)"QQ"| 6 QQ0 | 340 | 176 \ 13 Q 

Sqoare Bar. One Foot in Length bij 1 Inch, 



tWrought Ironl 1530 ~| 63° 



MISCELLANEOUS. 

Cast Iron. — Square bar, side 3 inches, lejigth IS inches, e 

at both ends, broke with 33738 lbs. applieu m luc 
middle. 
Cylinder 8 inches diameter, length 8i inches, broke 
with 17110 lbs, applied at one end. 
White PiHe.— Cylinder i ins. diameter, length 12 inches, broke with 

68 lbs. applied at the end. 
Tellov! Pine.~l inch square, and 16 inches in length, broke with 

135 lbs. applied at the end. 
HickoTV and White Oai.—l inch square, and 13 inches in length, re- 
qoired S3 lbs. to deflect them i an inch, 
the weight suspended from the end. 
The aboiK and preceding experiments were made hy Ihe author irt De- 
eemhcr, 1840. 

• Fram Ihe Weal Point Foundry AssoctaBon at Cold Spring, Pulpam onnnly, N. Y. 
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Mean ResuU of several Experiments by Engliik Autlun's on Cad Imn. 
Square bar, 1 inch by 3S, resting upon two supports, broke with 
B40 lbs. suspended in the middle, 

Syuarc bar, of 1 inch, projecting 33 incbea from a wall, broke with 
2TS lbs applied ; and one, 2 inches deep by ^ an inch, required 543 lbs. 

Si/vare bar, 1 inch by 33, the ends fixed in walls, required 1170 
lbs. suspended from the middle to break it. 

TO FIND THE TRANSVBKaE STGENGTH. 

i£ JiTid, and LaxiMU ai 

Rule.— Multiply the Value in the preceding table by the breadth, 
and square of the depth, in inches, and divide the product by the 
length in feet ; the quotient is the weight in pounds. 
NoT4.-^Wb«n the heoin is lof^ded muformly througbouL its Jenglh, the r«Bul( 

EiiMPLB. — What are the weights a cast and a wrought iron bar, 
projecting 30 inches in length, by 3 incties square, will bear ! 
3xS=X*O0H-3.5 = lS80 1bs„ Ans. 
3X3-X300^3.5= 960 1be„^i!S. 



„ Weielit X length , ^, . , 

Rule.— - — ——. rr^—^: product of bie tdth an! sq 

EuMFLE, — What is the depth of a wrought iron beam 
broad, necessary to support 960 lbs sutpended at 30 ir 
the fixed end? 

^^1:^ — 8, and 8^3 — 4 &M^i = 1t Am 

When the Bar oi 

Rule. — Multiply tlie Value in the preceding table by six times the 
lireadth, and the square of the depth, in inches, and divide by the 
length in feet 
Note.— When the weight is laid uniformlr Blong its Icngfli, llie «BiUt mual be 

EiAHPLB. — What weight will a bar of cast iron, 3 inches square 

and S feet in length, support in the middle, when fixed at the ends ' 

100x6x3x2'-=-6 = 38t0 lbs.. Am. 



RniE. — Multiply the Value in the preceding tabl^ W'fhe ^uaie (rf 



' MATEEIALS. 

ihe ilepth, ancl four times the breadth, in inches, and divide the 
product by the length in feet. 

Note.— Wlien llio weigW ia laiii unifDnnly along its length. Ihe reauU mnsl bo 
riimlilcd. 

Example. — Whal are the weights a cast and a wrnught iron bar, 
00 inches between the supports, and 3 inches square, will bear1 
400X3= XSX4-H5 =3660 lbs., Ann. 
300X3^X3X4-^5 = 1030 lbs., Ans. 

Or, iflSie Diinensions he required h Sofport a Given WeigM. 

m,..- ™f".>"'''''^ = p,.J.cl of four timo. lie l,r„dll,, 
value m table 
aTid square of the depth, 

EiAHPLB.— What is tho side of a square cast iron beam 3 feet ir 

length, between supporis. that will support B400 lbs. in the centre ? 

6400X2 

400 



■8, and v'8 = 3.8i 



When tlie Breadih irr Depth is retpared. 

IJivide the product obtained by the preceding rules by the anna 
(if the depth, and you have the breadth; or by the breadth, and tl 
square root of the quotient is Che depth. 

EKAKpj.E.—lf !Sa is Ihc product, and the depth 8, 1S8~8= = 
the breadth ; 

And ^(138^3) = 8, the depth. 



When, Ike Weight is nni in tlie Mid^ between tie Supporis, 
iatance from nearest end X weig ht _ 



= pressure upon 



Wlieii a Beam, mpported at bath Ends, bears tiDo WeigMs at unequal 
Distances from, the Ends. 
Let D := distance of greatest weight from nearest end, 
d ^ distance of least weight from nearest end, 
W = greatest weight, w ^= least weight, 
L ^= whole length, I := length from least weight to farthest 

t =; distance of greatest weight from farthes*,.6idiii>lc 



niATi: RIALS. 




Wend. 



In cylindrical beams or bars, the lateral strength is as ihe euhe of 
the diameter. 

The strengtb of a hollow cylinder is to that of a solid cylintier, ot 
the same length and quantity of matter, as the greater diameljjr of 
the former is to the diameter of the latter ; and ihe strength of hol- 
low cylinders of the same length, weight, and material, is as their 
greatest diameters. 



Rdi.e.— Multiply the length between the supports in feet 
weight in pounds ; divide by the oofue, and the cube root 
sixth of the quotient is the diametar in inches, 

ExAMFLK. — What should be the diameter for a cylinder 3 
length between the sujiports, to bear 31000 lbs. 1 



i/— ^—^ ^ = 3.85+, . 



Rule.— Multiply the weight in 
vide by the Value, and the cube n 
in inches. 

EiiUPLK. — What is the diameter of a east iron cylinder, 8 inches 
long between the supports, that will support 80000 lbs. snspendeil 
in the middle? 

j,60000x.66— 340 „ ., , 
v'- -r—^ ■ = 3.45, Ans. 



To find Ike Diameter of a Solid Cylinder when Fixed al one End, 
the Load applied at the other. 

Rule. — Multiply the length of the projection in feet by the weight 
to be supported in pounds ; divide by the given Value, and the cube 
root of the quotient is the diameter. 

Eniipr,E. — What should be the diameter of a cast iron cylinder 
8 inches long, to support 15000 lbs, 1 

8 inches is .BS feet, y(15O00x.66^340) = 3.46inchea, Am. 
EiAMPLE,— What should be the diameter for 316000 lbs., at 12 
inches from the end1 

.3'(216000XI-r-340)=9.65, J«s. , 



.' MATERIALS, 



To find Ike Diameter of a Beamm Solid Cylinder whin Hie Load 
is uniformly distributed over its Length. 

Rule. — Proceed as if tlie load was suspended at the end or in the 
middle until the quolie-nl is obtained ; then, 

If one end is fixed; if the ends rest npon supports; or if the ends 
are fixed, the cube root of haif the quotient is the diameter. 

Notes.— The vakies or units of 400, 240, and 300 are for iron of 
great strength ; when an inferior article is to be used, they mast be 
decreased to correspond. 

Thus, 400 represonta a weight of 4000 lbs, upon the end of a bar 
of cast iron S inches square and I foot in length, and 315 upon a 
bar of like dimensions is equal to a weight 0^2150 lbs. 

340 represents a weight of 8000 lbs. upon the end of a cylinder 
of cast iren 3 inches in diameter and I foot in length, and 130 upon 
a cylinder of lilce dimensions is equal to 4333 lbs. 

The strength of an equilateral triangle, an edge up, compared to 
» square of the same urea, is as 45 to 38. 

The strength of a cylinder, eonipared to a rectangular beam of 
the same depth as its diameter, is as .566 to 1, 



Let V represent this value in a beam, bar, or cjhnder c 
In length and one inch square, side or in diameter. 

I, Fixed at one end. Weight suspended from the other. 



Fixed at both ends. "Weight suspended from the middle. 



I Sapported at both ends. Weight suspended from 



_ mn'W 

' ~ m-' ' 

5, Fixed at both enih. Weight suspended at any other point than 
e middle, 

_ 3wTiW 
" 3«<J= ■ 



V = ^ 



W representing the weight, I the length, & the breadth, d the depth, 
m the distance from one end, and a the distance from 'he other. 



' MATERIALS. 



may be (bund, by 



In square beams, &i:.,b anil d=^ ^^ 

In square beama, &.C., b and d ^= ^—, 
ibd'V „, 4M^V 



n square beaais, &c,, h and d = ^i^ 



In square beams, &c., S and rf = ?/~ :^— . 

^""'"^ -.-or 3n"''W„, a-nnW SmnW _ 

in square beams, &o., i and d = -^ ■ q .- y — 



'J E:TpeTiments by English Authors 
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■s^fJ" 


^h'r° 


'SEIU^" 


•SHix, 


RigaFLr{dry) . ■ . 
Riga Fir (wet). 
Yellow Pine (American) . 
Wliite Pine (Canadian) . 


60 
60 
60 


3 
3 


3 
3 
3 


153 

16a 

170 
113 



S.pp™,^=, 


SOL 


ID AMD 


'i^-ts 


CYLINDE 


Del!«ior. In 


„^;^x 


Fir 

Ash . 
Ash 


48 
46 


3 


,:» 


3.6 


740 
6G4 
630 



? MATERIALS. 
I of vaiifHii Pigwes, having equM 



Square 

" through the diagonal 
3 inches deep by \ inch 

3 inches deep by j inch 

4 inches deep hy l inch 
Tiimigkt. 




Na, loses at least J of its original weight, and th 
)roeeas is facilitated by steaming or boiling. 
It loses more by the former process than the latter. 
By steafaing, the specific gravity of a piece uf 
oak was reduced from .... 1050 to 1AA 

Uy boiling, from 1084 to 788 

By exposure to the air, from . . . . 1080 to 9 2S 



Wcigklinairofa 
White Pine, 



ubicfoot of 



when seasoned ... 549 416 

Pitch Pine, before seasoning . . 638 597 

" " when seasoned , . 640 5S9 

Spnice Spar, before seasoning . ■ . . 687 580 

" when seasoned ... 541 554 

StifftiessofOak toCast Iron isas . . . . l to 13 
Strength of Oak to Cast Iron is as . 1 to 4.5 

Mean Specific Gravity of Yellow Pine 558 

" '■ " of Pitch Pine . 777 

DEFLEXION OF HECTjiNQULAB BEAMS. 

I. The deflexions of (he same beam, resting on props at each 
pml, and loaded in the middle with weights, are as those weights. 

3, The deflexion is inversely as the cube of the depth ; also, the 
Llc|>tlL being the same, the deflexion is inversely as the breadth. 

3, The deflexion i^ directly as the cube of the length. 

1^1 i Tepresent the length of a beam, b its breadth, d its depth, 
iind W the weight with which it is loaded ; then the deflexion wilf 



M= 



ind if the deflexion is represented by c, then, 



When tte Beam is Maxd at one End, and Loaded at tie other, 
v-jj- ^= C, a constant quantity. 



G(H)«^lc 
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Wien SufpiKled at both Ends, and Loaded in the Middle, 

33 bd'e 
When aniformly loaded , E><^^=*'- 

Henoe it followa, that, to preserve the same stiffness in beams, 
(he depth must be increased in the same proportion as tbe leiieth, 
Ihe breadth remaining constant. 

The deflexion of different beams arising from their own weight, 
having their severs! dimensions proportional, will be as the square 
of either of their lilie linear dimensions. 

Of three equal and similar beams, one inclined upward, one in- 
clined downward at the same angle, and the other horizontal, it has 
been determined that that which had its angle upward .was the 
weakest, the one which declined was the strongest, and the one 
horizontal was a mean ijeiween the two. 






in the 



S inches Ij- inches 



Supported at each end. The average of a number of experiments 
gave, for bars 33 inches in length, 1.9 inches broad, and 3 inches 
deep, a deflexion for every half ton of .034 inches. 



Sufporud at both ends. Bars 33 inches in length, 1.3 inches h 
breadth, and 0.65 inches deep, deflected 0,37 inches with 163 lbs 
applied. 



Fir battens. Supported al each ^»(^ !5 inches in length, and 1 in 
square, broke with a weight of 440 lbs, ; 80 inches in length, am 
inch square, broke with 340 lbs, 

Oakbduena. Supported aleachead, 3 feet long, 1^ inches deep, a 
} inch m breadth, deflected l.l ins., and supported 408 lbs. 

Ask battens. Fixed at one end, 3 feet long, 3 inches deep, and I in 
in breadth, deflected 6 inches with a weight of 434 lbs. 

Fir battens. Fixed at one end, same dimensions as last piece, i 
tecled 3.9 ins. with 3T6 lbs. 



JeReiign 



unimtoil 
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Torsionai Strength. 
Tlie resistanca to 
cube of it! 

Tabic of the Torsional Strength of various Materials. 

FIRTMENT, U. S. A. 

Solid Cylinders, I inch, in diameter, Weighi applied 1 Fool from their 
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Bcniis wilhoul brcBWiig J 

i;BKina to yield, petmonenlKl. . ■ . . . .» 
Bonds wilhou I breaking , . .J 


a.710 


is. 



To find Hie Torsional Strength of Shafla, ifc. 

Rule. — Multiply the Vahit in the preceding table by the cube of 

the Bide or of the diameter of the shaft, and divide the product by 

the distance from tlie axis infeet at which the power is applied ; 

the quotient is the weight in pounds. 

EiA)ipi.E.— What isthe resistance ofa oast iron shait 2 inches in 
diameter, to which a weight is applied 3 feet from its axis! 
!35X2» = 1000 and 1000-^3 = 600 lbs,, Jns, 

To find the Diameter ofa Shaft to resist Ibraioiial Strain. 

Rule. — Multiply the extreme of pressure on the crank pin, of at 
the pitch line of the pinion, that the shaft is at any time habie to bo 
subjected to, by the length of the crank or radius of wheel in feet ; 
divide their product by the Velue in the preceding table, and the cnbo 
rout of the quotient is the diameter of the jouriml in inches. 

EiAMPLE,— What should be the diameter for the journal of a 
wrought iron water-wlieel shaft, the pressure on the crank pin being 
59400 lbs,, and the cranh 5 feet in leagthl 

,,59400X5 ,„,, . . 
^ ^35 -- = 13-5 inches, Jii. 

EiAHPLE,— The pressure on a crank pin is 123,680 lbs., and the 
length of crank 6 feet. 

,,123680X5 , . , 
V— jS7^^=lT+, Anx. 
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n Sleam Vessels viit/t one Engine. 

n inches. 

ExiMPLE.— The area ofthejoumalofa single shaft is 113 inches; 
what should he the diameter if two shafts are used^ 
Diameter for area of 113;= IS inches. 

Relative Values of Cast and Wrought Iron. 
\^'hen cast iron shafts of less diameter than 12 iiiohes are re- 
quired, the Yolncs here given must be reduced fi'om A to J,, accord- 
iug to the quality of the iron and the diamettr of the shaft to be 
used ; but when they exceed this diameter, the Vahies must be in- 
cieased in a hlte maimer. The necessity of this arises in conse- 
quence of the BtrongUi of a wrought iron shaft decreasing as its di- 

Relutive Values of Cast Iron, Oak, and Pine. 
The Yalne for cast iron being 125, that for oak is S80, and that of 
white pine 357, 

<ir\et. In his Mechiinics' Csloulnttir, gires the fgUowing rule ; 

For Cast Jtoh Shafts of second and (Mid Moeers. 
etpr lor a prime mover by .8 and .793 fespocliiely. 

Torsional Strength of Hollow Cylinders. 

RelaliBe ToTSimial Slrctigih of Cast Iron Shafts of different Forma, 

having equai Areas of Cross Sections. 

!''rom Major Wade's esperiments, on shafts having sections of 1, 

2. and 3 square inches. 



^|4i 



Formula of Lieutenant Rodman, U. S. A., deduced from the above 
Rxperiments, modified to introduce the element V, and the length 
in feet in preference to niches. 

Bl 
W = the weight which a shaft will sustain in pouuds (independent 
3f its own weight), D rfthe exterior and interior diameters in inches, 
ind I the distance from the axis in feet at which W is a|)|jlied. 
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GUDGEONS AND SHAFTS. 

To find Ike Dimensions of a Gudgeon. 
H.SH^iwl) = d, 
ID representing the stress in 100 lbs,, i the length in inches, and i the 
diameter in inches. 

If a Cylindrical Shift has no other lateral stress to sustain than ili 
Dww weight, and is Fixed at one End, 

d = .000024i'. 
J>et the stress supposed to be in the middle be n times thewei^l 
of the shaft ; then, 

When supported at both Ends, 

if the weight ofthe shaft be not taken into account, 

(i = ^.00013 ni". 
If the weight of the shaft is taken into account, 

d = ^.00013[n+I)i". 
Whea a Hollow Shaft is supported at each End, 
d = ^ •°'^'^^^'" +DSi« representing the stress in lbs., i the length 
in inches, D the interior diameter, and d the diameter in inches. 

When a Hollow Shaft is Fixed at each End, and Loaded in the 
Middle. 

For hnlloiB Cylindrical Shafts, when Suj>parted at one End, 

ii = ^.00048>ui+D=. 
if the hollow shall support the weights at distances m and n from 
each end, and is supported at each end. 



d = ^.00048^+D=. 



For Wrought Iron, multiply this result by .963 ; for Oak, by 2.2; 
for Pine, by 3.06. 
If a shaft has io sustain both lateral stress and torsion, then. 
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TEETH OF WHEELS. 
To Construct a Tooth. 
Divide the pitch into 10 parts. Let 3.6 of these parts be beiow 
tlie pitch line, and 3.0 of them above. 
The thieknesa should be A7 of the pitch. 
The length should be .65 of the pitch. 
The DiameleT of a. Khcd is neasured from the pitch line. 
The wood used for teeth is about i the strength of cast iron, 
therefore they should be twice the depth to be of equal strength. 

To find the Biameter of a Wheel, the Pitch and Numler bf Teeth 
lieing given. 
Pitch X number of teeth 



Note,— The pitch, as found hy this rule, is the ore of a circle; IhB Irus plldi 
iwjnlraii is a sliaighl line, and tnast be measuired from the cenlies of Iwo conilgu- 

To find the Pitch, the Diameter and Number of Teelh being 
giver,. 

Diameter x 3.1416 , 

number of teeth ~~ 



To find Iks Number of Taelli, iJie Diameter and Pilch being 
given. 

Diameter x 3.1416 

. 7--^ =; number ol teeth. 



To find the Diameter token the true Pilch is used. 
Number of teeth X pitch X -33 = diameter. 

Dimensions of Wheels in operation. 
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VELOCITY OF WHEELS. 
E relative velocity of wheels is as the number of their teeth. 



Rule,— Divide the product of the teeth of the wheels that act as 
drivers bj the product of the driven, and the quotient is the number. 

EiAMPLE. — If a wheel of 33 teeth drive a pinion of 10, on the axis 
of which there is one of 30 teeth, acting on a pinion of 8, what is the 
numher of turns of the last 1 

33 ^_^_ 



Rule. — Subtract the less velocity from the greater, and divide the 
remainder by one less than the number of wheels in the train ; the 
quotient is the number, rising in arithmetical progression from the 
loss to the greater velocity. 

EsiMPiB. — What are the velocities of three wheels to produce 18 
revolutions per minute, the driver making 3 revolutions per minute ' 

^gZi— Y"'''^' tiien 3+7.5 = 10.5, 
and 10,6+7.5 = 18; thus, 3, 10,5, and 18 are the velocities of the 



Tdjind the Number of Teeth required in a Train of Wheels to 

produce a certain Velocity. 

Rule. — As the velocity required is to the number of teeth in the 

driver, so is the velocity of the driver lo the number of teeth in the 

EiAMPLE.— If the driver has 90 teeth, makes 3 revolutions, and 
tlic velocities required are 2, 10, and 18, what are the number o( 
leetli in each of the other tv 
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STEENGTH OF WHEELS. 



Thesl 

To find ike Thickness of a Tooth, the Strain at the Pitch Line 

being given. 

Rule. — Divide the pressure in pounds at the pitch line by 3000, 

and the square root of the quotient is the thickness of the tooth in 

inches. 

EXAMPLE. — The pressure is 9O0O lbs., what is the thickness of the 
tooth required 1 

9000 
^^3005 = ^'^* ""'''''■ ■^'"■ 
77w Breadth should le 3.6 (me* the pilch. 

Therefore, as the thickness should be 0.47 of the pitch, tiie pitch 
(iir the above example will be 3.685 inches, and the breadth 3.685 
^2.5 = 9.3125 inches. 

To find the Horses'' Power of a Tooth, the Dimensions and 
Velocity being given. 
Thickness 'x3000=:pressnre. 
Pressure x velocity in feet per minute 
35000^ = horses' power. 

Thickness x 2. 1377+ = the pilch. 
Thickness X 1.6884+ = the length. 

To find the Dimensions of the Arms of a Wheel. 

Rule.— Multiply tlie power at the pitch line by the cube of the 

length of the arms, and divide this product by the product of the 

number of arms and 380 ; the quotient will be the breadth and cube 

of the depth. 



= 119 ; if the breadth be 5 inches, then 



~ = 33.8,and^ of 33.8 = 2.8T, the depth. 



>i GEKEEAI. EXPLAHATIONS CORCEKNIKG WHEELS. 

GENERAL EXPLANATIONS CONCERNING "WHEELS. 
'.— Tho distancB of Iwg conliguoua leetb. ineBsared upon the 
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HORSE POWER. 

As this is the universal term used to express the capability of lirsl 
movers of magnitude, it is very essential that the estimate of this 
power should be uniform ; and aa it is customary, in Europe, to es- 
timate the power of a horse equivalent to the raising of 83000 lbs. 
une foot high in a minule, there can he no objection to such an esti- 

The estimate, then, of a horse's power in the calculations in this 
worlc, is 33000 pounds avoirdupois, raised through thfc space of one 
foot in height in one minute, and in this I am supported by the 
practice of a majority of the nmnufacturers of steam-engines in 
this country. 



ANIMAL STBENGTH. 



The mean efiect of the power of a man, unaided by a machine 
working to the best possible advantage, and at a moderate estima- 
tion, is the raising of 70 lbs. 1 foot high in a second, for 10 hours it 



pan human BtrenglA ore, for a short 
. . . a force of 100 lbs. 



By Mr. Field's eipeiiiitenla In 1E38, the moii 

/or aj lalnules, la = JSOOO Iba. raised ono foot i 

A nmn of ordlnniy Blrenglli emiB a, force of 



iief™iinaminQte. = ioflilB 

e, 90Blap«,=: TOynrda. 

110 " =80 " 

n depth of 13, wlIhoHl a kna)^ 



un<l,aariiig8ihour9adny. 



Itliei 



, STKEKGTir. 

reiurHiiig anloaded, carries 135 lbs. 7 milei 



He occupies in tlie ranks a front of 40 inches, and a depth of 10 
fciit i in a stall, from 3i to 44 feet front ; and at picket, 3 feet by B. 

Average weight = 1000 ibs. each. 

A horse, carrying a soldier and his equipments (say S35 lbs.), trav- 
els 25 miles in a day (8 hours). 

A. draught horse can draw 16O0 lbs. S3 miles a day, weight of car- 
riage included. 

The ordinary work of a hoise may be slated at 23.500 lbs., raised 
1 foot in a mintite, for 8 hours a day. 

In a Afn-cc mill, e. hoisa moves at He rnlu of 3 feel in a second. The diamelei 
of the trucl; should not be less than 9S feet. 



Table nf t/ie Anmiint of Lalowr a Horse ef average Sb'eiigti, is capabU 
of performing, at digererd Velodties, on Canals, Raihvads, <md Turn- 
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HYDE OST ATI CS. 



HYDROSTATICS. 



HynBosT^Tics treat of the pressure, weight, arid equilibriuin ul 
non- elastic fluids. 

The pressure of a fluid at any depth is as the depth of the fluid. 

The pressure of a fluid upon the bottom of the containing vcss<^! 
ia as the base and perpendicular heigbt, whatever may be the figure 
if the containing vessel. 

Fluids press equally In all directions. 

The Centre of Prcsame is that point of a surface against whicii 
any flaid presses, to which, if a force equal to the whola pressure 
were applied, it would keep tbe surface at rest. 

The centre of pressure of a paraUdogram is at § of the line (meas- 
uring downward)that joins the middles of the two horizontal sides. 

In a triangular plane, when the base is uppermosl, the centre of 
pressure is at the middle of the line, raised perpendicularly from the 
vertex ; and when Che vertex is uppermost, the centre of pressure 
is at j of a line let fall perpendicularly from the vertex. 

OF PHBSSUSE. 

Ttie pressure of a fluid on any surface, whether vertical, ohkquc, 
jr hoTizinlal, is equal to the weight of a column of the fluid, whose 
lase is equal to the surface pressed, and heiglit equal to the distance 
jf the centre of gravity of the surface pressed, below the surface ot 



To find the Pressure of a Fluid upon Ike Bottom of Ike Contain- 
ing Veisel. 

Rule, — Multiply area of base in feet by height of fluid in feet, and 
:heir sum by the weight of a cubic foot of the fluid. 

EiiHPLE, — What is the pressure upon a surface 10 feet squarr;, 
,he water (fresh) being 30 feet deep! 

10= X20X63,5 = 128000 lbs,, JjM, 

The side of any vessel sustains a pressure equal to the area of the 
iide, multiplied by half the depth. 

The presaare upon an inciined, curved, or any svrface, is an the arts 
>fthe surface, and. the icpil, of its centre of grapily htlaw ikc fluid. 

EiiiiPLE, — What is the pressure upon the sloping side of a pond 
!0 feet square, the depth of the pond being 8 feel! 
10''X^x6a,5 = 25000 lbs,, Ans. 

Or, on a hemisphere jual covered with watnr, and 36 inches in 
liameter, 

irea of 36=1017,8, centre of gravity (page 138) 36-;-2-^3 = e, 9 
ns. = .Tfifoot; then, .75x IOI7.8-i-144 = !i 3, whicl^ xea.5 — 
131,25 lbs., Ane. 



HYDROSTATICS. 



The pressure upon a number of surfaces is found by multiplying 
the sum of the surfaces into the depth of their c 
gravity, below the surface of the fluid. 



COKSTKUCTION c 



pMpendiculat height, oa 



c^uUlo IhB area of the bollim atid lA'e iepli tf/Jufisid. 
FLOOD GATES. 

To find the Strain which a Fluidwill exert to make it turn upon 
its Hinges, or open. 
Rule.— Multiply i of the square of the height by the square of the 
lireadth, and take a bulk of water equal to the product. 
ExAMPLE.^If fhe gate is 6 feet square, 

^X6' =334 cubic feet, or 30350 lbs. 



To find the Strain the Water exerts upon its Hinges. 
Rule, — Multiply J of the breadth by the cube of the height, and 
lake a bulk of water equal to the product. 
Ei AMP J.E.— With Ihe same gate, 

|x6= =310 cubic feet, or 13500 lbs. 



To find ihe Thickness of a Pipe. 
Rule.-— Multiply the height of the head of the fluid in feet by the 
diameter of the pipe in inches, and divide their product by the co- 
hesion of oiie square inch of the material of which the pipe is com- 



faund Uiat a cnsl Ir 
3ft a iROd of wMcr 
iiches Ihick. will su 


DD ptpe, 15 inches 
of 60J feel; and 


inn. l&sa, waiUd bs 


13,000 itj.; of oa 


,d^^fUinnioii 


crplatis.riv^Ud. 



ladiE er, o ^^ gj^ 3^ 4^ 5^ c_ 7 
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HYDROSTATIC PRESS. 
To find the Thickness of the Metal to resist a Given Pressure. 



Then -i— ■ = thickness of metal. 

c—p 
The cohesive /orce of a square inch of eatt iro 
led. at 18000 lbs., but !6000 is preferalle. 

A cylindrical ring, (he iliameiers of which w 

es, burBt at a pressure of 9000 lbs. per square 

These dimensions by the above rule wiiolJ i 

9Q00X6.3-;-3 

16000—9000 ~'^'^ '"^• 

The thickness was ■ " - o" --- ~ S 
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>KAULICS AND 



HYDRAULICS AND HYDRODYNAMICS. 

Hydraulics treats of the motion of non-elastic fluids, and Hy- 
drodynamics of the force with which they aet. 

Descending water is actuated by the same laws ssfaUing hodies. 

Water will fall through 1 foot in i of a second, 4 feet in i of a 
second, and through 9 feet in | of a second, and so on. 

The velocity of a fluid, spoatins through an opening in the side 
ol a vessel, reservoir, or bulkhead, is the same that a body woald 
acquire by falling through a perpendicular space equal to that he- 
■■iBcen the top of the vxUct and the middle of the aperturs. 

Then, by rule 4 in Gravitation, 

v* height X 64.33 = velocity. 

Example. — Wliat is the Telocity of a stream issuing from a head 
of II) feet! _^__ 

710X64.33 = 35.36 feel,i . 

Or, v'lOxS.oa = 35,36 feet, i ^"*- 

If the velocity he 50.73 feet per second, what is the head! 

50.72°-^64.33 = 4Q feet, 1 

Or, 50,73' -^8' = 40.3 feet, { ""■ 

This would lie true were it not for the efiect of friction, which in 

pipes and canals increases as the square of the velocity. 

The mean velocily of a namber of experiments gives 5,4 feet for a 
height of one fool. The theoretical velocity is {764^) 8, 



To find the Quanlili/ of Water uihich will flow out of an Opening. 

Rule.— Multiply the square root of the depth of the water by 6.4 ; 
the product is the velocity in feet per second. This, muUiplied by 
the area of the orifice in feet, will give the number of cubic feet per 
second, 

EiAWPLE, — Tf the centre of a sluice is 10 feet below the surface 
of a pond, and its area 3 feet, what quantity of water will run out 
in one second! 

^10X6,4X2 — 34,1496 feet, Jns. 

talreTuf Uiis velocity for Hie soliml velocity. 

OF VEHTIOAL AFEHTURE8 OR SLITS. 

The quantity of water that will flow out of one that reaches as 
high as the surface is i of that which would flow out of the same 
aperture if it were horizontal at the depth of the base. 

„ velocity at bottom X depth X S , .,, r ,•. i. 

Or, -— — — — — X breadth of slit =i number 



HYDllAULICS f 



OF STREAMS OR JETS. 

To find the Distance a Jet will be pTOJecied from a Vt 
an opening in, the Side. 

Rule. — B C will always be equal 
[0 twice the square root of A x 
OB. 

If is 4 limes as deep below A, as 
a is, will discharge twice the quan- ,,- 

tity of water that will flow fiom a in ,^''' 

(he same time, because 3 is the ,''' 

square root of Ao, and I is the ^ 

square root of An. <■ 

Note.— The wnler will spoitl Iho fatlheat when o Is equldlalanl 
und If Lhe vessel Is tfdsed above a -plane, B piiist be lakea upon the 
TheqQiuiUIicBof it'aler passing fhtough fiquEil holea In Ibeaajue : 

EiiMPtE. —A vessel 2- 
bow far will a jet reach t 

V'15X10X2 = 24.48 feet, Am. 

When a prismatic vessel empliis itself iy a small orifice, in Me timi 
of emptying ilself, twice the quantity would be discharged if it were kepi 
full by a new supply- 
To find the Vertical Height of a Stream projected from a Pipe. 

Rule, — Ascertain the velocity of the stream by computing the 
quantity of water running or forced through the opening; then, by 
rule 5 in Gravitation, page 140, find the required height. 

EsAMPLE. — If a fire-engine discharges 10.8 cubic feet of water 
ihrough a J inch pipe in one minate, how high will the water be 
projected, the pipe being directed vertically! 

16.8x1738^ area of |-H inches in a foot -f- seconds in a minute 
= 91,6, or velocity of stream in feet per second; then, by rale, page 
140, 91.6-^a=; 11.45, and 11.45' = 131.10 feet, Ans. 



VELOCITY OP STREAMS, 

In a stream, the velocity is greatest at the surface and in iho 
middle of the current. 

To find the Velocity of a River or Brook. 
Role. — Take the number of inches that a floating body passes 
over in one second in the middle of the current, and extract its 
square root ; double this root, subtract it ftom the velocity at lop, 
and add 1 ; the result will be the velocity of the stream at the bot- 
tom ; and tho mean velocity of the stream is equal the veloeitv at 
the surface — .J velocity at tho surface -|-,5, 



172 HVHRAVUCS AND HyDHODYNAKICS. 

ExjMFLE — If the velocity at the siirlaoe and in the middle of u 
stream be 36 inches per second, wliat is the mean velocity '\ 
y/aSx^— 36+1 = 85, the velocity at bottom. 
36— V36+.a = 30.5, Ans. 
To find the Velocity of Water rimmng through Pipes. 
Rule, — Multiply the height in feet by 3500, divide this product 
hy the product of the length in feet into 13.88 divided by the num- 
ber of inches in the diameter of the pipe, and the square root of the 
quotient is the velocity in feet per second. 

Thus, v'3500xA-^(lX— J— )=Telocity, when / 

lieight, I the length, and d the diameter. 

EiiHpuE.— The head of a reservoir is 1 foot, the diameter of tli< 
pipe a inclieg, and the length of it 100 feet ; what is the velocity it 
feet per second J 

3aOOxl-^(lOI)X^-^)=P^ = 9, and 79 = 3. Aru- 
If the height is required, 

Tfl x^^ X i-r3500 = height. 

In this, as in the annexed tahle, Ihe friction is assumed to he it 
the ratio of the diameters. 

it this is not strictly aC' 



I. A circular orifice in a thin plate, the diameter being 

l.Tinehea 1D7S.1 

3. A cylindrical tube 1.7 inches in diameter, and 5.117 

inches long 14961 

•1. A short eunioa! adjutage, 1,7 inches in diameter . 10636 

4. 'The same, with a cylindei 3,41 inches long added to 

it 10409 

6. The same, the length ofthe cylinder being 13.65 inch- 
es long 9830 

6, The same, the length of the cylinder being 37.30 inch- 
es iong ... 8316 

Results prove that the discharge of water through a straight 
cylindrical pipe of an unlimited length may be increased only by al- 
tering the form ofthe terminalions ofthe pipe, by making the inner 
end of the pipe of the same form as the vena conlracta, and the ex- 
tremity a truncated cone, having its length about 9 limes the diam- 
eter ofthe cylinder or pipe attached, and the aperture at the outlet 
to the diameter ofthe cylinder as 18 is to 10. 

By giving this form, the discharge is over what it would be bv 
the cyhnder alone as S4 Is to 10. 
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174 IIYDKAULICS AND HYDRODYNAMICS- 

GENERAL RULES. 
Discharge by HonioHial Pipes, 

Z The erenler Uie length oT Ihe dischaiging jApe, Uie giealer (lie di 

4. TAe vslocily of watsr Jlowing oul of an aperlare is js 
rool of the height of the heni of ike water. 

Theoretically the velocity would be ^/ height X 8. In pi 
v' height X 5.4™Teloeitj in feet per second. 
Discharge hj Vertical Pipes. 
Tlie dlBcIinrge of HuiAb by venicnL plpea U nugmtnted, on the prin 
gravilalioo of failing bodies ; consequonlly, llio gtealor Uie length of I 
greslei ihe dlschsige of the fluid. 

Discharge iy Indined Pipes. 
A pipe which la Indhied will dhschoi^c in Q giveo time ?l greotei 

Deductions from vasieiis Expeiimejiis, 
1. The areas of oilficeB being equal. UuU which has the smallest pe 



The Teloi^ty through an apetliire in a thin plale^ with the same pressure, la 5. 
Through a tube from two to IbreE ^Mnelsts In length, pwijeeling outwart, R5 

Thtoi^h R tube of the some length, prtdectbig Inward 5Ai 

Through a conical liihe of the fbrm of t^s contracted vein . . . .7.9 

namiUMo! and Tataiigvlar pipa diacliarge lam iff ajtuid Wob rictiUneal p^n. 

Discharge from, Reservoirs receiving no Supp^ o/ Water. 

Jc veBEBis IfiB general law applies, thai twice os mucli would be die- 
■ - --■'- ■'-^B vessel were kept fall during (he tUne which Is 



Campawnd or Divided Eesemoirs. 
h may he tonsldered as generated by the differei 
t ftie velodfy, which, if there are several orifiCB 



iu iHigdi by H inches deep 'i 

i./l foot X 5.1 X 8.5 nrea of weit = 3&9 coUc feel in jiae Becond., 
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Velocity of Water m Pipes and Sewers. 
By the experimenSs of Mr. Rofe, of the Birmingham Water- 
works, the following valnable tables are obtained : 
Table of the heals of water necesaory to maintain different velocities i>J 

V represents the velocities in feet per minnte, a) 
stant number for these ti ' 



60 . . 8.fi3 90 . . 17.85 140 .. i 

70 . . 11.40 100 . . 31.56 150 .. ■ 

80 . . 14,58 I 130 . . 29.70 | ISO . . I 

Talile of the constant numbers for different diameters. 
D represents the diameter of the pipe in inches, and C the 



Then, when k represents the head of w 

ESamfle.— It is required to determine what head of water would 
be necessary to send water through 1600 feet of six-inch pipes to 
an elevation of 80 feet, and at a velocity of ISO feet per minute ■■ 
_5^^ = 10,32 inches, which x 15 (the number of 100 feet)= 153.3 

inches (13 feet inches). This, added to 80 feet, gives 9S feet 
9.3 inches for the answer. 



'■D-S = "- 



Theii 






b,mgh fl 
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WATER WHEELS. 

This subject belongs properly to Hydrodynamics, but a separate 
classification is here deemed preferable. 

"WjIter Wheels are of three kinds, vie., the Overshot, Undershoi, 

Tlie Overshot Wheel is tiie most advantageous, as it gives tlie 
greatest power with the least quantity of water. The nest in or- 
der, in point of efficiency, is the Breasl Wheel, which may be con- 
sidered a mean between the Overshot and the Undershot. For a 
small supply of water with a high fall, the first should be employed ; 
where the qaantity of water and height of fall are both moderate, 
Ihe second form should be used. For a large supply of water with 
a low fall, the third form must be resorted to. 

Before proceeding to erect a water wheel, the area of the stream 
and the head that can be used must be measured. 

Find the velocity acquired by the water in falling through that 
height by the rule, viz. : Estract the square root of the height of the 
liead of the water (from the surface to the middle of the gate), and 
multiply it by 8. 

Note.— Where Ibe openliiE is small, ond Ihe head ot vmlei is E'ei't' <>' proper 
ilctisllyso, use fiom S.S to S for Ihe mulUpllet. 

Example. — The dimensions of a stream are 3 by 80 inches, from 
a head of 2 feet to the upper sarface of the stream ; what is the ve- 
locity of the water per minute, and what is its weight 1 

3 feet audi of 3 inches = S5 inches = 3,08 feet, V3.08x*e.5x 
BO = 561.60 feet Telocity per minute. 

And 80X3X561.6 feet X13 inches, ^1728=634 cubic feet, x 
62ilbs,=: 39000 lbs. of water discharged in one minute. 

To find ike Power of an Overshol Wheel. 

llu LB .—Multiply the weight of water in lbs, discharged upon the 
wheel in one minute by the height or distance in feet from the 
lower edge of the wheel to the centre of the opening in the gate ; 
divide the product by 50000, and the quotient is the number of 
horses' power. 

EiAMFLK.— In the preceding example, the weight of the water 
discharged per minute is 39000 lbs. If the height of the fall is 23 
feet, the diameter of the wheel being 33, what is the power of the 



To find the Power of a Stream. 
Rule.— Multiply the weight of the ' 
minute by the height of the fall in ft 
quotient is the answer. 



EiinpLK.— What power is a stream of water equal to of the fol- 
lowing dimensions, viz. : 1 foot deep by 23 inches broad, velooitj 
350 feet per minute, and fall GO feet ; and. what shonld be the size of 
tlie wheel applied to it! 

laxsaxasoxis—irasxesixeo feet -r^aooo = 7S.9, a^i 

Height of fall 60 feet, from which deduct for admission of water, 
anil clearance below, 15 inchea, which gives 58.9 feet for the diam- 
eter of Iho wheel. 

Clearance above 31... . 
■' below 13 J '^ ""=''^' 

The power of a stream, applied to an overshot wheel, produces 
effect as 10 to 6.6. 

Then, as 10 : 6.6 ■ : 73,9 : 48 horses' power equal that of an over- 
shot wheel of CO feet applied to this stream. 

When ths Call exceeds JO feel, Iha svershol wheel should be applied. 

The eH^cl 19 as Iha qunnlily oC waler and Iti |ierpendlculRr heiEliI miilliptled 

"^^he^veleht of Ihe arch of loaded buckeU In pounds. Is foand hy mnlllplyliig 4 
of Iheir iiuiiiljet, X llie number of cnhic feel in each, and Ihot pradutl hy 40. 

To find the Power of an Undershot Wheel when the Stream ia 
confined to the Wheel. 

Role .^Ascertain the weight of the water discharged against the 
Boats of the wheel in one rainale by (he preceding rules, and diyide 
it by 100000 ; the quotient is the number of horses' power. 

Note.— Tlie lOOOOO is oblidned Ihns : The poirsr of n sneDm, applied to an m- 
deishoi wheel, produces eiifeci as 10 lo 3.3 ; Uien 3.3 : JO ; ; 33001) : lOOOOO. 

When Ihs o|>on]ng Is nbove (he centre of the floals, muJdply Ihe weight of the 
water by the helgbi, as In ihe rule for an ovenhot nheeL 

EiiBFLE. — What is the power of an undershot wheel, applied to 
a stream 3 by 80 inches, from a head of 35 feet 1 

^25x6.5x60 = 1950 feet velocity of water per minute, and 
3X80 = 160 inches X1950x 12-^1738 = 3166.6 eubie feet X63.5 = 
'135413 lbs. of water discharged in one minute ; then I354ia-H 
100000 = 1.35 horses' power, 

noTE.— The inailnium WDih Is alwaye obtained when the veluchy of die wheel 
Ishalf Ihatof ilio Blroam. Let V lepreGent volocliy of float boaid!, and o velocity 



^Z^l^v 



When the fall is below 



e a1!^cllve suoke. 



To find ihe Power of a Breast Wheel. 
EtPLE. — Find the effect of an undershot wheel, the head of water 
of which is the difference of level between the surface and where it 
strikes the wheel (breast), and add to it the effect of that of an over- 
shot wheel, the height of the head of which is equal to the dififer- 



[ual IMXia-J-lTJBXK.SXWSO^inoniBdlun] of water and its v^lly. 



if water and its v^ 



nS WATEli WHEELS. 

ence between wliere the water strikes the wheel, and the tail water ; 
the sum is the effective power. 

EiAMPLB, — What would be the power of a breast wheel applied 
to 3 stream 3x80 inches, 14 feet from the surface, the rest of tht 
fall being II feet? 

^14X6.5X00=: U58.6 feet velocity of water per minute. 

And 3x80x1458x13—1738 = 1630 Cubic feel x62.5 = 10135e 
lbs. of water discharged in one minute. 

Then lOlSfiO-HlOOOOO =; 1.013 horses' power as an unifershot. 
y'iIX6.5xeO = 1290 feet velocity of water per minute. 

And 3X80xl390xl3-=-173S = U33 cubic feet xB3.B = 8956a 
lbs. of water discharged in one minute, 

XU height of fall -^50000 = 19.703 horses, which, added to the 
above, =30.716, Atis. 

When the tall eiceeis 10 (Bet, il may be divided Inlo Iivo, «nil two lireoBl wheeli 
"'wiieo Ilie full la benvecn 4 and 10 feel, a bi-east wheel should ba nuplled. 



BAKKEIt 3 MILL. 

The effect of this mill is considerably greater than that which the 
same quantity of water would produce if applied to an undershot 
wheel, but less than that which it would produce if properly applied 
to an overshot wheel. 

For a description of it, see Grier'a Mechanics' Calculator, page 334. 

Malie eacharmof the horizontal tube, from the centre of motion to 
the centre of the aperture of any convenient length, not less than 5 of 
the perpendicular height of the water's surface above these centres. 

Multiply the length of the arm in feet by .6I36S, and the square 
root of the product will he the proper time for a revolution in sec- 
onds ; then adapt the gearing to this velocity. Or. if the time of a 
revolution be given, multiply the square of it by 1,6296 for the pro- 
portional length of the arm in feet. 

Divide the continued product of the breadth, depth, and velocity 
of the stream in feet by 14.37 ; multiply the quotient by the square 
root of the height, and the result is the area of either aperture. 

Multiply the area of either aperture by the heiglit of the head of 
water, and this product by 56 ; the result is the moving force in lbs. 
at the centre of the apertures. 

EiAMPLE, — If the fall be 18 feet from the head to the centre of the 
apertures, then the arm must not be less than 2 feet (as ^ of 18 = 
3), ./2X-fll365 = 1.107, the time of a revolution in seconds ; the 
breadth of the race 17 inches, the depth 9, and the velocity 6 feel 
per second ; what is the moving force 1. 

17 inohes = l,41 feet, 9 inches = .75 feet; then 1.41X.76X6-V 
l4.37Xv'l8X 18x58 = 189:, lbs., A»s. 



WATER WHEELS. 
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Tofind the Centre o/Gi/raHon of a Water Wheel. 
Rule, — Take the railius of the wheel, the weight of its arms, and 
the weiglit of its rim, rs composed of floats, shrouding, &a. 
Let R represent the weight of rim, 
" T " the radius of the wheel, 
" A " the weight of arms, 

" W " the weight of tlie water in action when the buck- 
ets are filled, as in operation. 

Then^(RXr'XS+AXi-'X3+Wxr=-i-R+A+WxS}= centre of 
gyration. 

ExAHFtE. — In a wheel 20 feet diameter, the weight of the rim ia 
3 tons, the weight of the arms S tons, and the weight of the water 
1 ton i what is the distance of the centre of gyration from the cen- 
tre of the wheel 1 

R !=3tonB xio'xs^euo 

A =2 ■' X10"X2 = 400 
W = I " X10= . . =100 

3-f-3+l = 6x3 = -r^ = 91.6, the square root of which is 



If Mr. Samuel Mew»a, at Flshklll Ctoek, N. Y., 3 

-' 409 hnshela gf gts' - --— -' -■ '- ■-— ■ 

Df Ihe foUDWIi^dl 
eofopening, 34} Inches; opennig, 1| by 80 inchee ; wheel. 
iiKi uumioiBr uy o lectfece; 52 bHCkets, each 1 (Ootln depili. 
The wheel makjDg 3^ levolulions, driving 3 lun of 4i feet stones 130 turns In a 
Inule. nilh sti llie allendani machinery. 

This is a case of maximum eSecl, In consequence oflhe geatli^ heing well sei 
I, end kept In good order. 

AI the furnace of Mr. Peter Townaend, Monroe Works, N. J„ 30 10 M tons o( 
] 1 Iron are made pet week, wlUl Ihe blast from two 5 feet by 5 tbel 1 Inch 
iwiug cylindeis. The wheel (overshot) being 94 feel diameter, by 6 (eel In 

ivingnSeadei feel; the wheel and cyUnders each making 4i rcvolulioqa pet 



Rocky Olen Factoiy, nshklll, JS. T., conlslning C144 self-ticUng mule I^Ildle>^ 

... ■ ,_^.. -louii 37 inehes wide of No. 33 yam (33 hanks to B 

honhfl In a day of 11 houis, is driven by a breasi 



a mhiting cloiiu 37 inehes w 
--'ngawHlhr-'--- - ' - 



stream ofuie followiug dimensiDns, viz, : 

.SfeelbySlncbes, headSOftetihelgtit of weter upon wheel 16 feel, di. 
wheel 90 feet 4 inches, fuce of wheel SO ttel hicbes, deplh of hncfeeh 



amelcr of wheel as feel' 
15i inches, number of bu 
Bevolnllons, 4j^ pet mln 
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PNEUMATICS. 



PNEUMATICS. 



WEIGHT, ELASTICITY, AND RARITY OF AIR. 

The pressure of the air at the surface of the earth is, at a mean 

rate, equal to the support of 29.5 inches of mercury, or 33.18 feet ot 

fresh water. It is usually estimated in round numbers at 30 inches 

of mercury and 34 feet of waler, or 15 lbs. pressure upon tlie square 



The Elasticity ot atr is inversely &i 
rectly as its density. 

When the altitude of the air is taken ii 
Rarily will be in geometric proportion. 

Thus, at 7 miles above the surface of the earth, the air is 4 tunes 
>r lighter than at the earth's surface ; at 14 miles, 16 times 



it occupies, and di- 
n arithmetic proportion, its 



it 31 n 
The w 



5, 64 ti 



iubic foot of ai 



1 537.04 g 



■r 1.305 01 



'eight of a 
avoirdupois. 

At the temperature of 33°, the mean velocity of sound is UOO 
feet per second. Tt is increased or diminished half a foot for each 
degree of temperature a"bove or below 33". 

To compute Distances by Sound. 

Rule.— Multiply the time in seconds by UOO, and the product is 
tlio distance in feet. 

EiAMPLE.— After observing a flash of lightning, air at 50°, it ivas 
5 seconds before I heard the thunder ; what was the distance of the 

1100+^t2?.x5-^5S80 = 1.049 miles, Ans. 



Upon the first suoke of the pialgn lllia fourUi will be eipollo 
glnalquajiUlywUlteinolii; i of this will bo oipcUed upon Ihcs 
iB Biim! to Jj. of the otiginil quanUty ; and, consequently, Uierl 
iB^of the original quanllty. Calculaliiig Inlhis way, 
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And so on, cnnlinually multiplying Iho olr eipoUcd al Ihe precedlns auoks 6y 3, 
4nd dividlDg It by 4 ; and tlie air remaning al^et each stroke jsfounii bv mnltiply- 
ing Ihe iilr rpmainiiig ftfler Ihe preceding slrote by 3, and dividing II by^- 

Measurement of Heights by Means of the Barometer, 
jlppro^male Rule, Fur a mean tempfltalute of 55°, 
X = teqHired difierence iQ height in feel, 





Velocity and Force of Wind. 
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88 




Barely observable. 




s 
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17a 
364 


!030) 
,045 ( 


Just perceptible. 
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353 


.080 


Light breeze. 
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440 


.135 J 
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533 


.180^ 


Gentle, pleasant wind. 








320 i 






10 
16 


1320 


.500) 
1.1S5 i 


Brisk blow. 




20 
35 


1760 


3.000 ) 
3.135 f 


Very brislt. 




30 
36 


2fi40 
3080 


4.500 ) 
6.125 { 


High wind. 




40 
4S 


3530 
3960 


8.000 i 
10.135 ( 


Very high. 




50 


4400 


13 500 


Storm, 




60 




18.000 


Great storm. 




80 


7040 


33,000 


Hurricane. 




100 


8800 


50 000 


Tornado, tearing «p tre 


3. &C. 



To find the Force of Wind acting perpendicularly upon a 
Surface. 

Rule.— Mijlti ply the surface in^feet by the square of (he velocity 
in feet, and the product by ,003285 ; the result is the force in avoir- 
dupois pounds. 
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PRESSTIRE OF EAHTH AGAINST 1 





\ 
\ 


i 



Lkt AB CD be the vertical section of a wall, behind which is d 
l)ank of earth, AD/e; W DG be the line of rupture, or nalural 
slope wliicb the earth would assume but for the resistance of the 
wall. 

rnaandyorlooseearth,tlie angle GDHis generally 30°; in firmer 
earth it is 36°, and in some instances it is 45". 

Tiie angle formed with the vertical by the earth, A D G, that ex. 
erta the greatest horiMnta! stress against a wall, is half the anglfi 
which the natural slope makes with the vertical. 

If the upper surface of the earth and the wall which supports it 
are both in one horizontal plane, 

Then the resultant In of the pressure of the banft, behind averti- 
[■al wall, is at a distance D n of J A D. 



ta vejeiBble earths, the f 
TheliaeiifrKpBireAe 
WbenlhebunkisorsgD 
ffofrubJjle,nis.414ofA 


cli™i!ilh»prasEu.e;ln 


la = . da of AD. 




TAkkmss of Warn, both Faces 


Verikal. 


Brick. WeisJiiDfacubi 
hliidit.AB = .]fl'AD. 
Vnhev:«,to^63. J351b3. 
BWc*. Bant clav, well 

ifthebaki.<.fc1ay,AB = 
Bricts. BonftofKind, A 

lleiDK freestoae. Bonk 


c fnol, ira lbs. avoirdupois, bonk of veeelible 

per cubic ftinl, bank as befors, A B = .15 A D 
™mmed,AE = .17A». 
per cubic fool, bonlt of vcgelable earlh, A B = 

Hind;AB = .30AD. 
sand, A B = . MAD. 


Wlien Ihe bin 
nmatbedoaMcd 


ti-U^Me 


<ube»atu«<od>vi,h«.a.cr 


fl,« tblcK.™ o 


J-'SSS. 


s,ondfo 


Ihe EquUOriv.^ of Piert, 


»e Qr,l«V-' Ma 
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DYNAMICS, 

DvNAMios YE the investigation of body, force, velocity, space, and timt. 

l£t tiiem be represented by their initial letters hf-o s t, gravity by 
?■, and momenium or quantity of motion by m ; this ia the effect pro- 
duced by a body in motion. 

Force is motive, and aecelerative or retard ative. 

Motive force, or momentum, is the absolute force of a body i[i 
motion, and is the product of the weight or mass of matter in ths 
body, multiplied by its velocity. 

Aecelerative or retardative force is that which respects the velo- 
city of the motion only, accelerating or retarding it, and ia found by 
the force being divided by the mass or weight of the body. Thus, 
if a body of 4 lbs. be acted upon by afcroe of 40 tbs., the accelera. 
ting force is 10 Iba. ; but if the same force of 40 act upon another 
body of 8 inn., the accelerating force then is 5 lbs., only half the 
former, and will produce only half the velocity. 






Motien Uniformh/ AcccUraled. 
Ills raaUon, the velocily ncquired d( the end of any lln 
Uroducl of the scMletatlng fgrce inln Iho lime, and II 
10 Uie prodiicl of half Uie accelemHng force leln ihe Bqi 



. a Dody falls Id 






!B falling frooly, mnde by Hio 






NoTB.— g is DbBiiiKtlg 32.168 from iciol ftoj bem givm in ™iej /pr On 
mad is l&i ftrce tf gravil^. 
If, instaad of a heavy body filling freely, il ie propelled veitlcally u| 

an ei^stfen In which — must he taken when Ihe projeclion l9 upwsp 

Molion aver a t'H.Txd FvMeij. 
Lei Ibe two weights which eie conneaed hy the cord that goes ovei ll 



over a pulley, the heavier weight descended only SO feel In 4 

Jf r )3 not conbideted, ihe heavier weiglit would fall m '«' 

Then^~~- Ji'l' = 50 feet. 

And, oa 5+3+-r : 5+3 : ; fi4i ■. 50 ; 
That is . r ; S+3 : ; 14j : 50. 
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lond cartied, added to tie weight of the Tessel or oorriage i 
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PENDULUMS. 

The Vibrations of Pendulums are as the aijiiare roots of tlieir 
lengths. Tlie length of one vibrating seconds in New-York at the 
level of the sea is 39.1013 inches. 



Rule. — As the number of Tibrations giren is to 60, so is the 
square root of 39.1013 (the length of the pendulum that vibrates 
seranils) to Ihe square root of the length of the pendulum reqiiireil. 

E SIMPLE .—What is the length of a pendulum that will make 80 
vibrations in a minute t 

As V39.I013x60 = 375, a constant number, 

Then ^ = 4.6875, and 4.6875' = 21.97 inches, Ans. 

The lengths of pendulums for less or greater times is as the 
square of (he times ; thus, for i a second it would be the square of 
i, or — '— — =: 9,7753 inches, the length of a i^ second pendulum 



RuLc— As the square rout of the length of the pendulum is to the 
square root of 39.1013, so is 60 to the number of vibrations required. 

EssMPLE,— How many vibrations will a pendulum of 49 inches 
long make in a minute ? 

/49 : v'^9""3 : : 60 : number of vibrations. 

Or, — ;— = 53.57 vibrations, Ans. 
V49 ' 



KuLE.^ — Square the cube root of *375, and the product is the an- 

EiAMPLE,— .^375 = 7.811347, and 7.S1124r> =53.002, Am. 

The Length of a Pendulum being given, to find the Space through 
which a Body tnUlfall in the Time that the Pendulum makes one 
Vibration. 



ItudeofNen 



EiiMFiiE— The leDgth of the pendulum is 39.1013 inches ; whattk 
the distance a body will fall in one vibration of it? 

39.1013X4.9348 ~ 19S.9578 inches, or 16.8398 feet, Ana. 

All villtations gf Oie bubib penauliira. whether great or Bomll. ate petlbtmed vaij 
nearly Id tha aame time- 
la s Saali Pmitlim, nlilcll le, as a ball, sitapended by a tod or ]Jn«, Eapposed 
lo be infla^ilc, and wlthoiu weight, the length of Ihe pendulnm is the dlalBnce 
fioDi lb eentrs of giBvllr to its poiiil gf EUBpeasigD. Othetwlse. Die leggl)i of the 

which does not coincide w!th the CBnlrs ofgrovily of liie ball or bob. 



CBNTEE OF OYRATION. 

Tub Centre of Gyration is the point in any revolving body, or 
system of bodies, that, if the whole quantity of matter were collect- 
ed in it, the angular velocityt would be the same; that is, the mo- 
mentum of the body or system of bodies is centred at this point. 

If a straight bar, equally thicit, was struck at this point, the stroke 
would comrnunicate the same angular velocity to the bar as if the 
whole bar was eoUected at that point. 

To find the Centre of Gyration. 

Rule 1. — Multiply the weight of the several particles by the 
squares of their distances in feet from the centre of motion, and 
divide the sum of the products by the weight of the entire mass ; 
the square root of the quotient wilt be the distance of the centre of 
gyration from the centre of motion. 

EiiMFLE.— If two weights of 3 and 4 lbs. respectively be laid 
upon a lever (which is here assumed to be without weight) at the 
respective distances of I and S feet, what is the distance of the 
centre of gyration from the centre of motion (the fulcrum) ! 
3X!' = 3. 4X2' = 16. 

y:15 =— =3.71, and ^3.71 = 1.64 feet, Ans. 
3+4 7 ' ^ 

That is, a single weight off lbs., placed at 1.64 feet from the ful- 
crum, and revolving in the same time, would have the same impetus 
as the two weights in their respective places. 

*SeeCcnTr6 0fOscilIaUon. ' 



CENTBE OP GYRATION. 1S7 

Rule 2, — Multiply the distance of the centre of oacillation, from 
the centre or point of suspension, by the distance of the centre ol 
gravity from the same point, and the squareroot of the product will 

Example. — The centre of oscillation is 9 feet, and that of gravity 
is 4 feet from the centre of the system, or point of suspension ; at 
what distance from this point is the centre of gyration 7 
9X4 = 36, and v/36 = 6 feel, Ans. 

The following are the distances of the centres of gyration from 
the centre of motion in various revolving bodies, as given by Mr. 

la s atraigkl, jmifoTis Red, tevolving nbout one end ; lenglh of red X.5T73. 
/n n circsfiir P/ole, revolving on its cemce; Ihs radius nf iha circle X.7071. 
In a circular flaU, revolving about one of ils diameKtB as an oils ; the radius 

In u O'litil of imifonn Uiiclioess, or ;» a Cylinder revolvlne atioiil Iha aiis ; the 
la, s tkin. kcllam SfAere, tevol^t^ about one of ila dlDuielecs as un sila ; Ibe 



._, „ , ... . — SB XJSTTS. 

Lever, thb arms being R and r, <]ie distance of the centre of gyta- 

mre nf molion - /^i±l 
nire of motion _^3jjp-^. 

1 a solid sphere revolvli^ about its diameter, ISe diameter being 3, 
e of Ibe ceatte of gyraUon IR 13X.e3SS:= 7^ inches. 
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1 OSClLLATiOK. 



CENTRES OF PERCUSSION AND OSCILLATION. 

Thb Cenlres of Percussion and Oscillation are in the same point 
wlien tlieir bodies are symmetrical with reearil to the plane of their 
motion ; or when ihey are solids of revolution, which is commonly 
the case, their properties are similar, and their point is, that iji a 
hi)(ly revolving around a fixed axis, which, when stopped by any 
force, the whole motion, and tendency to motion, of the revolving 
Ijody is stopped at the same time. 

It is also that point of a revolving body which would strike any 
obstacle with the greatest effect, and from this property it has re- 
ceived tho name of percussion. 

As in bodies at rest, the whole weight may be considered as coL 
leoled in the centre of gravity ; so in bodies in motion, the whole 
force may be considered as concentrated in Iho centre of percus- 
sion ; therefore, the weight of a bar or rod, multiplied by the dis. 
tance of the centre of gravity from the point of suspension, will be 
equal to the force of the rod, divided by the distance of the centre 
af percussion fro!n the same point. 

EiA.nFiiE.— The lengih of n tod lieing SO feet, endlbe weleMofsflicillalsiielh 
equal 100 02., lisviDi a ball almehed m Uie nnder end WE4ghlng IDOD oz- 9t vtal 
pnlnloflhe rad frnm Uie ginint of suspension will lie the cenVeof pEicnenont* 

Tbe welEhl of tho cod Is 3»X100= 9IO0 oe,, which, multiplied by half Its lenilli, 
■"""■-" -""■—-•- -loftheiod. The WBight of ihs ball = 1000 



3,=2!^^fL = aoofl6G.tha force of the rod, and the weight of the bal 
piled by the aqnnto of the teneth of the tod, 1000X30= = 400000, Is Uie fore 

12X 2xa = m. momentum of rod, 
3X13 = 30 " of2d " ' 

3x 3G= 108 " oflslball, 
3XJ44= 433 '■ ofSdhall, 



As the cenlie of pereussloh 1b the same with [lie centre of cBcl^lBtioa In the hozx^ap, 
pUciitkiD to praolical purpoaos. the fbllovrlpg la the eoaleat and ^mpleat mode of 
findli^ 11 in Bny beam, bar, &t ; 

Bospond the hody very freelji by a fiied point, and mnlie it vibrate io small atca, 

nnmliet uf yibtationa made hi a mlcule be called k; then Rhall the distance of tho 
centre of osclllatien f^m Ihe point of suspensloii be ^ ^^^ inches. Per the 
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found useful wken die bodies nnd the fonns hue given co 
1. If Hie body is a henvy, alrnlght llr- -' ■— ' — — -'- 



>llowliie ^la are ^veit, which will 



'its centre Df petcuasion Is 5 of Its leralh. 

'Ilndtlc^ or phamatio shape, ihe brea^ih of which li 



^ la ■ alender red of s cyffl 

very BmaU oompnred with ua leo^, Uh dIsU _ 

neai^y I of its iBDgtlt from the ailg of sospensloii. 

If ueae rods were Ibnaed so that all tiie polnls of their ttansveFi 
(iquidlalant from ths aiis of sospeneioii, the diBUuice of the cent 
would ha exactly 1 of ihelr lenEili. 

3. la an laoiceree tdangle, suspended by lis apei, end vlbralini 
peudlcular to itealf, Oie dletaace of the centre of percusdoq is ^ ol 
line or red, whose dmdly furies as ibe distance ftom lis esirerait] 
suspoidfflii elm FlfvOUtli, er mlUeli in ffenersl. have Ihe same 
iaosceloe ttlsngle, the oeotte of peicuBslonTjeiDg distaoi ftom the c 
Honjof lis length. 

i. In B very slender cone or pyramid, Tibroiii^ about Its opei, tf 
conlre of percussion le nearly * of lis length. 

The distance of eilher of ^ese centres Tiooi the oils of motion i 

then, in a Hghl line, it is J of lis lenglh. 
Jb an IsMcsles TTiar^le=^ i of lis heighl. 
ft a Circles i of iffi radius. 
tn a Parabol^i = ^ oflls height 
But if the bodies move eidewise, it is, 

In a Rictan^ls, suspended by one angle, = S of Ihc liiagonal. 

ed by Uie middle of i(3b8fB,=4 axia + ^ parameter. 



j of 33= JS.3 Inches from the point of suspension or motion. 
'LC— la a sphere of 10 Inches diameter, the thread by which II Is 
SO inches, where is the centre of pereusslon or oscillation) 
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CENTRAL FORCES. 

All bodies moving aroand a centre or fixed point have a tendency 
10 fly off in a straight line : this ia called the Centrifugal Force ; it 
is opposed to the Ceniripelal Force, or that power Which maintaina 
the body in iis curviiineal path. 

The cenirifugid force of a body, moving with diforent velocities IB 
(he same circle, is proportional lo the square of the velocity. Thns, 
[lie centrifugal force of a body making 10 revolutions in a minnte ia 
four times as great as the centrifiigal force of the same body making 
5 revolutions in a minute. 

To find the Centrifugal Force of any Body. 

Ror.B 1. — Divide the velocity in feet per second by 4.01, also tlia 

square of the quotient by the diameter of the circle; the qnotienl 

re the centrifugal force, assuming the weight of the body as 1. 

Then this, multiplied by the weight of the body, is the centrifugal 

EiAui'LE, — What is the centrifugal force of tlie rim of a fly- 
wheel 10 feet in diameter, rnnning with a velocity of 30 feet in a 
second ! 

30-^4.01 X748-i-I0 = 5.59 times the weight of the rim, ^ns. 

ffoTi.— When grent accuracy is required, find l!ie centre of eytation nf ilie bodv 
und lake Iwice Ihe dlslanca of It from Ibe sila for Ibe diameler. 

Rule S, — Multiply the square of the number of revolutions in a 
minute by the diameter of the circle in feel, and divide the product 
by the constant number 5870 ; the quotient is the centrifugal force 
when the weight of the body ia 1. Then, as in the previous rule, 
this quotient, multiplied by the weight of the body, is the centrifu- 
gal force. 

Ei*nFj.E.— What is the centrifugal force of a grindstone, weigh- 
ing ISOO lbs,, 43 inches in diameter, and turning with a velocity of 
400 revolutions in a minute 1 

— L'^^'^ -'X 12™ = UMBO lbs., Ans. 






, FORCES. 
Dr. Brewster has furnished the following : 



lea. which ^eifbrm Ihelr 



5. The centrifugal forces of two equal bodies, movUiE wiOi equal veloeiaes M 
G. The cenlrlfUgB] forces of Iwo uneqasil bodies, moving wilh equal velocities at 
niulUplled by their tespsclive distances fiom the centre. 

7. The centjiftigsl fnices of two nneqiiaJ boiiies, havine unequal velodties, and 
si dlflerenl dietances from their ails, ere, In Ihe compound ratio of IhMr quanlilles 
of mailer, Ihe squares of thcit lelodiies, and Itieir dlstwces front tlie centre. 

The we^bl of the Tim of a fly-wheel fbt s SO horso engine ia eOOD tba., (he ttlBIo- 
, w ^^ ^^^^ ^^ 

<i. O, R, the contrea of aravlty, Osclltation, and Gytalion. 



-4'- 
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FLY-WHEELS — GOVIiHHOKS. 



FLY-WHEELS. 

To find the Weight of Fly-wheels. 

RoLB, — MuIKpIy Ihe horses' power of the engine by 2240, and 
divide the product by the square of the velocity of the circumfer. 
ence of the wheel in feet per second ; the quotient will be the 
weight in lOO Ihs. 

Ejtampi.e, — The power of an engine is 35 horses, the diameter of 
the wheel 14 feet, and the revolutions 40 ; what should be the 
weight of Ihe wheel! 



35x3S40~40xl4x3.141fl-HfiO = 



The weight of the wheel in engines that are subjected to irregu- 
lEW motion, as in the cotton-press, rolling-mill, &,o., must be greater 
than in others where so sadden a check is not experienced, and 3000 
would be a better multiplier in such cases. 



GOVEENOES. 

The Governor acts upon the principle of central forces. 

When the balls diverge, the ring or the vertical shalt raises, and 
that in proportion to the increase of the velocity squared ; or, the 
square roots of the distances of the ring from the top, corresponding 
to two velocities, will be as these velocities. 

EiAMPtE.— If a governor make 6 revolutions in a second when 
the ring is 16 inolies from the top, what will be the distance of the 
ring when the speed is increased lo 10 revolutions in the same 

As 10 : 6 : : ^16 inches ; 3,4 inches, which, squared, is 6.79 
inches, tlie distance of the ring from the top. 

A governor performs in one minute half as many revolutions as 
a pendulum vibrates, (he length of which is the perpendicular dis- 
tance between the plane in which the balls move and the centre of 
suspension 
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GUNNERY. 

It has been asrertainod by experiment that the velocity of the ball 
projected from a gun varies as the square root of the cliarge direct- 
ly, and as the square root of tlie weight of the ball reciprocally. — 

Tiie same author furnishes the following practical rules ; 

Tojind Ike Velocity of any Shot or SMI. 
Rule. — As the square root of the weight of the shot is to the 
square root of the weight of treble the weight of the powder, both 
taken in pounds, so is 1600 to the velocity in feet per second, 

EiAMPLE. — What is the velocity of a shot of 196 lbs., projected 
with a charge of 9 lbs. of powder 1 

14 : 6,3 : : 1600 : 594, Am. 

IV/ieii the RaTlgefor one Charge is given, tojind the Range for 

another Charge, or the Charge for another Range. 

Rule. — The ranges have the same proportion as the charges ; 

that is, as one range is to its charge, so is any other range to its 

ciiarge, the elevation of the piece being the same in both eases, 

EiiMPLE,— If, with a charge of 9 lbs. of powder, a shot range 4000 
feet, how far will a charge of 6} lbs, project the same shot at the 
same elevation 1 

9 : 6,75 : : 4000 : 3000, Ana. 



Rule,— As the sine of doable the first elevation is to its rango,so 
is the sine of double another elevation to its range. 

Example. — If a shot range 1000 yards when projected at an ele- 
vation oC 45", how lar will it range when the elevation is 30" 16', 
the charge of powder being the samel 

5ineof45=X2 =100000, 

Sineof30° 16'X3= 87064, 

Tlien, as 100000 : 1000 : : 87064 : 870,64, Ans. 

EisMFLB. — The range of a shell at 45° elevation being 3750 feet, 

at what elevation must a gun be set for a shell to strike an object 

at the distance of 3810 feet with the same charge of powder? 

As 3750 ; lOOOOO : i 2810 : 74034, the sine for double the eleva- 
tion of 340 16', or of 65" 44', Ans. 
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FRICTION. 

EiPERiMENTS upon the effect of this branch of mechanical s( 
are as yet not of such a nature as to furnish d 
satisfactory rules. 

The friction of planed woods and polished metals, 
cation, upon one another, is about J of the pressure. 

Friction does not increase witli the increase of tin 

The friction of metals is nearly constant ; that of w 
increase with action. 

The friction of a cylinder rolling upon a plan 
and inversely as its diameter. 

The friction of wheels is aa the diameter of their axes directly, 
and aa the diameter of the wheel inversely. 

Friction is at a maximum after a state of rest ; the addition is as 
the fifth root of the time. 
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HEAT. 

Hiur, in the ordinary application of the word, eignifies, or, rather, 
implies the sensation experienced, upon touehiog a body hotter, oi 
of a higher temperature than the part or parts which we bring into 
contact with it ; in another sense, it is used to express the cause 
of that sensation. 

To avoid any ambiguity that may arise from the use of the sams 
expression, it is usual and proper to employ the word Caloric to wg- 
nify the principle or cause of the sensation of heat. 

Calobio is usually treated of as a materia! substance, though its 
claims to this distinction are not decided j the strongest argument 
in favour of ibis position is that of its power of radiation. On 
touching a hot body, caloric passes from it, and excites the feeling 
of warmth; when we touch a body having a lower temperature than 
our hanil, caloric passes from the hand to it, and thus arises the 
m of coia. 



COMIlinNZCATION OF CALOKIC. 
e% through different bodies wilh diOerent degrees of Telodly. This 



ch aa sloaea, kLdsb, wood, chMcoal. &c 


ely ihmngh clid 
easy pas«ge 101 


Table of the rdalive CoRducting Power of diffe 


erU Bodies. 


Gold .... 1000 
Silver . . .973 
Iron .... 374 
Tin . . . .304 
Marble ... 34 
Fire-brick ... 11 


Platinum . 
Copper . 
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Lead 

Porcelain . 
Fire-clay . 
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Water ... 10 Elm . . 
Pine .... 39 Ash . . 
Lime ... 39 Apple 
Oak . . . . 33 Ebony 
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Hare's for . . 1,31.5 
Eider-down . . 1 305 
Beaver's fur . . 1.396 
Raw silk . . . 1.284 
Wool . . . 1.U8 
Lamp-black . 1.117 


Cotton 
Lint . 
Charcoal . 
Ashes (wood) 
Sewing-silk 
Air . 


. 1.046 
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, .!>37 
. ,917 
. .576 


Relative Conductin 
Mercury . . .1,000 
Water . . .357 


0- Foieer of Fluids 
Proof Spirit 
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. .333 
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plMCury, their leuiperotates will be eipressed in relation 10 each other Iw the 

those subslanreB 10 the same estenl, the water will require S3 times as much Dul- 

The rule for finding by caloulatior, combined with esperiment, 
Itie relative capacities of different bodies, is this : 

Multiply the weight of each body by the number of degrees lost 
or gained hy the mixtare, and the capacities of the bodies will be 
inversely as the products. 

Or, if the bodies be mingled in unequal quantities, the capacities 
of the bodies will be reciprocally as the quantities of matter, multi- 
plied into their respective changes of temperalura 
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The sum of the Sensibk and Latent lieat of Steam is alwuys Ike st 
at any otw tcmperatare ; thus, 9W°+912,° = 1303°. 

If to a ppund of newly-fallen snow v 
at 173°, the snow would be melted, a 
temperature. 

Latest Heat of Various Substances. 
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Sulphur . . . 144° Vinegar . 
Lead . . 163° Ammonia 

Beeswax . , . 176^ Alcohol . 
Zinc .... 493" Ether . 

Sensible Cai,obic is free and uncombined, pa 
stance to another, afFeoting the senses in its p, 
the height of the thermometer, and giving ris 
which are attributed to this active principle. 
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FAHRENHEIT. TO SEAUMUa. 
Rule. — Multiply the number of degrees above or below the freez- 
ing point by 4, and divide by 9. 

Thus, Zn°— 32 = isay4 — 720—9 = SO,Ans. 
4-24°— 32= SX4= 32-i-9 = 3.5, Ans. 

FAHRENHEIT TO CENTIGRADE. 
Rule. — Multiply the number of degrees above or below the freez- 
ing point by 5, and divide by 9. 

Thus, 212°— 32 = 180x5 = 91)0-^9 = 100, A«s. 
Med!um Heit of the globe is plaeed at 50° ; at tho torrid zone, 
75° ; at moderate climates, 50° ; near the polar regions, 36°. 

The extremes otnatarat heat are from — 70° to ISO" ; of artificial 
heal, from —91° to 38000". 
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MISCELLANEOUS. 
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MELTIKC POINT OF ALLOYS 
Lead 3 pans, Tin 3 pntla. Biamulh S psi 



FOR WARMING APARTMENTS, 
of WRlet evnporaled kn a boiler a[ the pre! 
00 teei of inclasEd oir lo an aveiage teiap 
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100 Cubic Inches of atmospheric air, at the surface of the eartli 
when the barometer ia at 30 inches, and at a temperature of fiu", 
weiglLs 30.5 grains, being 830.1 times lighter than water. 

Specific gravity compared tuith walcT, .0013046. 



The mean weight of a column of air a foot square, and of an al- 
titude equal to the height of the atmosphere, is equal to 3116.8 lbs. 
avoirdupois. 

It eonaists of oxygen 30, and nitrogen 80 parts; and in 10.000 
parts there are 4.9 parts of eatbouic acid gas. 

The moan pressure of the atmosphere is usually estimated at H.7 
lbs. per square inch. 

13.29 cubic feet of air weigh a !b. avoirdupois, hence 1 ton of air 
will occupy 39769.6 cubic feet. 

The rate of expansion of air, and all other Mastic Fluids, for all 
temperatures, is uniform. 

Ft — -- 
ofth 



Virginia pine 
Turf . 

Bituminous coal , 
Anthracite coal . 
Coke . 
Charcoal . 
Oil . 



19 to 20 tons of air with coke or anthracite coal, and 18 torn* 
with charcoal, are required to make 1 ton of pig iron, the ore yield- 
ing 33 per cent, of iron. 

See Heat, page SOI, 

* ri f rj-^ ■OnSf^l fur tacA degree. 
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Is almUu 10 ealoho In many at iti qoaliiiea, being emltlsd In 
Jdnds, JVidmi/ IDfl ^niiSctoJ; the one iirnceeding from t 



leateil bodies. 

Solids Biilne la Ihe da* only when bsatcd from 600° lo TBOO, and In dayllgW 
when tbs tempeiamre taschea 1000°. 
Relaliye Intensity of lliht from Ihe burnine of vartons iKwlios Is, for wai, 10! 

ill-snuifid caiidla-m 

By- eiperitaeiifs on coal gas, li api»ars ttiat above 30 ciiWc feet ore required to 
produce liglit eqnsl In dumtion nod in illuiDinatinz powers to a pound of lallon 
candlea. sii lo a pound, sel up and burned oul one aller the otlicr. 

In disUlllng 56 Iba, coal, Ihe qiianliiypfga! produced In cubic feel wSen the dis- 



TONNAGE. 

Uy a law of Congress, the tonnage of vessels is found as follows ; 

FOR A DOUBLE -DECKED. 

Take the length from the fore part of the stem lo the after side 
of the sternpost above the upper deck ; the breadth at the broadest 
part above the main wales ; half of this breadth muat be taken aa 
the depth of the vessel ; then deduct from the length | of the breadth, 
multiply the remainder hy the breadth, and the produet by the depth ; 
divide this last product by 95, and the quotient la the tonnage. 

Example. — What is the tonnage of a ship of the line, measuring, 
as above, 310 feet on deolt, and 59 feet in breadth 1 
59-f3= S9.5, depth. 
310 — f of S9 = 174.6x59x29.5-^95 = 3198,8 tons. 

FOR A SINOLE-DBCKEU. 

Take the length and breadth as above directed for a doub!e-deck- 
od, and deduct from the length § of the breadth ; lake the depth 
from theundersideof the deck-plank to the ceiling of the hold; then 
proceed as before. 

EiAHPT.E.^The length of a vessel is (as above) 233 feet, the 
breadth 39^ feet, and the depth of hold 33J feet ; what is the ton- 

S33_ I of 30,5 == 199.3X39.6X33.5-^95 =1947.3 tons, 
A ton will stow 'Si bales cotton. 



CARPENTERS' MEASUREMENT. 
FOB A SIKSLE-DEOKED. 



1 D OUBLE -DECKED ■ 



To find the Tonnage of English Vessels. 
—Divide Ihe lenglh of Ihe upper fleek liBlwMn Ihe afterparl of UiB Biem 



jsi points of diylEkm Ueaauie He doifis ai Iheae Ihree points in 

and tanUis erf's (bat, b1» the di^UtUmn the under sida of (he upper dsdc (o the 
ceiliiK at (faa limber uttiite ; or, la esH of n bnali in the nmia decli, from a ilne 
atreti^ed in cantinuotion of the declr. For the brudtii. dWm each deptii Into 5 
equal pens, aod meants Uw Indds bteadilu et ibe Iblloving polutB, vis. : u ) and 

.-A a — ^t . — = .. - " -^ fVipeinoBt nnd aAanDoat depths, and at f nod # fi^wn 

■ ■■ ~ '-■-- -"-"-Ip dcptii. 



OS ait^pait r^the Aem to Iha forepart of die a 
D, to tidce tbe mldihlp depth, add the Ibremost aod artemiost depths 
"u) dgptAs; and sdd togetlier the fhremcjat upper and lover brea 



Then, to tidce tbe mldihlp depth, add the fbtamoBt ac 

" *" ' ''^tAs; and add togetlier tbe fbromcjct up{,.. — - 

er breadth with the lower breedth at the midship, and [he upper and 
ii>ii;i> uie luner lireadth at the ofler dlTlabm Ar the nns ^ Md ^loiiUa. 

UulUlflr together the emn of the depllu, the smn of the breadtliB, and the length, 
nnd divide the proSuot by 3500. »Moh will tfvo the number of tons, or re^stet. 

if the vesHl bave a poop or half-derk.or a break In the upper decb,mBa3nrB the 
Inside ineoa length, breadth, and height of such pan thereof ai ma; be hiduded 
"ithin the bulkhead ; mulilply ihs» three neaaoremena together, and divide (he 
prodoti by 92A The quotient will bo Ihe nnmber of tons to be added to the result 
II j above tbund. 

For Opex Viaaels. The depths ore to bo token from the upper edge of the appei 

*Vf'stM« ratils. The Wnnnge due to the engine room is deducted ftomlhe 

To deleimioe this, niessute the inside lenglh of the engine-room ftnm the Ibre- 
niosi 10 (he nlteimost bulkhead ; then mulilptv (his lei^ih by the midship dep(h 
at the vessel, and Ihe product b; (he Inside midslilp breodlti ot D.4D of the drplb 
(rom the deck, and divide tbe final product by 03.4. 
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STEAM. 

Steam, arising from water at the boiling point, is equal lo the 
pressure of the atmosphere, which is 14.706 ibs. on the square inch. 

Under the pressure of the atmosphere alone, water cannot be 
heated above the boiling point. 

A cubic ineh of water, evaporated under the ordinary atmospheric 
pressure, is converted into 1700ciihie inches of steam, or, in round 
numbers, 1 cubic foot, and gives a mechanical force equal to the 
raising of 2S00 lbs. I foot high. 

The force of steam is the same at the boiling point of every ftuid. 

The elasticity of the vapour of spirit of wine, at all temperatures, 
IS equal to 2.135 times that of Steam. 
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reiced in 
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330 to 9120. oHd (hat ihe s 

The p-raciica! estimate of the vilocily of steam, when flowing into a 
vacuum, is about 1400 feet in a second when at an expansive power 
equal to the atmosphere ; and when at SO atmospheres, the velocity 
is increased bnt to 1600 feet. 

When flowing into the air under a similar power, about 650 feet per 
second, increasing to 1600 feet for a pressure of 30 atmospheres. 

Specific gravity of steam at the pressure of the atmosphere .488, 

37.2fl6 cubic feet of steam at the pressure of the atmosphere, 
equal I lb. avoirdupois. 
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STEAM. 207 

n the Nianber of OuUc Inches of Water, at any Given 

Temperature, that must be mixed with a Cubic Foot of Steam 

to reduce the Mia;ture to any Jiequired Temperature. 

Rule. — From the required temperature subtract the temperature 

of the water ; then find how often the remainder is contained in the 

required temperature, subtracted from 1803", and thequotient is 

tUe answer. 

KiAMPLB.— The leiBperimic of the tpodeaain? water of an eijgioe ia aoo, nnd 



[ain the Qaawlily of Steam required to raise a Gi-c 

of Water to any Given Temperature. 
Multiply Ihs wstet lo be warmed by the dISerence or U 



^am St Sia° will laiae IM cubic feet of water al 
eet of water AnTued Into flleaiUT occupying (13.3X 



1 (fie Volume of Steam under o given Pressure, ike 
Temperature answering lo that Pressure., in Steam at its Maxi- 
mum Density far it s Temperature being given, 
l+-0081.8X(l-38)„,„. „ 



To ascertain t, 


T p fS 


From the pressure iti in 
i;uolietit add the logarithm 
Lho remainder will be the U 


h m ry ra 
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EimPLB.— When ite proasnre 
lieratute of the steam ? 


m.T. log. 397.7 = 3.5Mb6. 
S64-5,13=0.5US73T 
K. a.l»OT4 
436 = log. 3.li3ll531 
5130 




3M.-ro = ,eu>^ra.«re«q«l^^^^^^|^ 



TjBLE of the Elastic Force, Temperature, and Volume of Si 

From a Temperaturt of 32° io 387.3°, and froai a Pressure 
to 408. inches of Mercury. 
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HlPERBnLIC LOGARITHMS. 

Tojmi the fa a P s c by Hyperbolic Logoriihms. 

Rule,— Divide tlie length of the stroke by tiie length of the apace. 

into which the steam is admitted ; find in the table ihelogfli.ilimof 

tiiB number neaiest to that of the quotient, to which add 1. The 

jiim is the ratio of the gain. 

Example, — Suppose the steani to enter the cylinder at the press- 
ure of 40 lbs. per square inch, and to be cat off at ^ of the length 
of the strolte ; what is the mean pressure, the stroke being 10 feel ! 
10^3.5 = 4. Hyp, log, of 4 = 1,38639+1 ::=S,386S9, 
Then, as 4 : 3,33629 ^ : 40 : 33,8639 lbs. 
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Table of ihe Density of Steam under different PTeaaares. 
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STEAM-ENGINE. 

h the design of this work to treat of the 
operation of the Eieam- engine, and tiiis article will be conHned to 
the exhibition of some rules of coTistructian, the utility of which have 
been fully tested in the varied purposes of Laud, Hiver, and Marine 

The extremes of proportions here given are for the particular re- 
quirements of variations in speed, differences in draughts of water, 
pressures of steam, &c , iSce. 

CONDENSm& BKGIKE, 

l\irii range or pressures (iiiiikalod by n meiruriEil gauge) of from lOlotJU pounib 

Condenser. The capacity of it should be from ^toy'j that of the 



Steam aniExhaast Vahes. Let a represent area of steam cylinder 
in inches, s stroke of piston in inches, and r number of revolutions 

oer minute, then the area of the valve = . 

'^ 34000 

int^erm'lhB "cylinder, wiih 3« xevolulions, Ilie ptopotllon was found lo be a 
^Init 318*iactie3orvs.1VGfi»3Tl.<l(W inches In llie cylinder, wjlh SO reiolntiona. 



Delivery Valve. When a solid piston is used in the air-puriip, its 
dimensions should correspond with that of the foot valve ; but wher 
nn open piston alone is used, this proportion may not be obtained. 

The area of it should ho from ^^ to /, 

Feed Pumps- Thoir capacity should bo y^^ to j-Jj that of th' 
Bteam cylinder. 

Injection Cocks. There should be two to each condenser, thi 
area of each sufficient to supply 70 times the quantity of wate: 
evaporaCed when the enaine is working at its maximum ; and in ma 
rine engines there shonlil be three, viz., a Side, Bottom, and Bitge 



Ign is properly abrodcli of 



Cross Heads. Of Wrought iron. {Steam cylinders.) For the 
section at their centre, let a represent area of cylinder in inches, 
y extreme pressure in pounds per square incli that they may be sub- 
jected to, and i their length between the centres of journals in feet; 

700 "^ ■"' ■^ w ' d' 

kvhere d represents the depth and is the width of the section. 

Air-pumps, -^^zrf-xiu. If the sections are cylindrical, for 

l^Xta read ^d'wxl.t. 

SuHFicE CoNDaNSEBs. The area of tlieir surfaces should belrom 
to i of that of the heating surface of the boiler, when a natural 

iriiught is employed ; with a blower, or forced draught, these propw- 

ions should be increased to ^ and j\. 
Wjth Ihe doable vRcmim condenser of L F. nrison, tiie lowest propordoofi 

hove given have been finind BUffleient. 

■ The proporllona here olven will admil of a euffleLent quandly of water when 
lie engine Is in operation lo Ibe Gulf Stream, where the water ie at Umea at the 
iimpei-ature of E4°, and the quanHly of water (when Che steam Is at 10 Iha, presi- 
re) required to give it and the water of condenaation a temperature of tOOo, is 70 
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NON-CONDEBSING, OR HIGH-PRESSUEE EHGIHI 



steam and Exhavsl Values. Lei a represent arei 
ier in inches, s stroke of piston in inches, and r 
jlutioiis per minute, tlien the area of Ihe vaWe r= 



LEiches, which is b pnipaxlion of Lipch in every Sl4indlie3 cipacLty of cyhpder- 

A 12 inch cylinder by 4 feer slroke hoa 9iiiche9an^uorva\vti, which is Ihu^h Id 
fvsi^ 609 inches capncity, and a 6 inch cylinder by I fool Btn^e hag 1 Inch laerei]' 

Pisim Rod. IiB diameter should be from | to ^ that of the oyl- 
Feed Pumps. Their capacity, when the pressure of the steam is 

not to exceed 60 Iba., shciuld be -,'3 the contents of the cylinder ; 
when not to exceed 130 ]bs., ^, and in a simitar ratio for higher 

Cross Head/:. See rule under head of condensing enginea, page 
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BOILERS. 

INTEENAL PURNACBS AND PLnES, 



Wilk a Pressure of SO lbs. Steam per square i-nch, cut off at J Ike Stroke 
of the Piston, and wilk 20 Revolutions of Ike Engine. 
Fire end Fhe Surface.* For every cubic foot in the Bteam oylici- 
iler, the length of the Hues, including steam chimney, not exceed- 
ing 45 feet, there should be from 16 to 18 square feet. 

Or, sarface for one reTolution for each eabic foot, -^^^ of a square 



e feet should be from -^ to ^j ofthe 



Fire and Flue Surface.* For every cuhic foot in the steam cyhn- 
ler, the length of the flues not exceeding 50 feet, there should be 
from 12 to 14 square feet. 

Or, surface for one revolution for each cubic foot, -^^ of a square 

Grates. Their area should be from ^^ to -j^g that of the cubic feet 
in the cylinder. 

Steam Room. There should be at least S times the space in the 
iteam room {independent of steam pipes, &c.), that there is in tJie 
^iylinder. 



Fire and Flue Surface.' For every cubic foot in the steam cylh;- 
3er, the passage of the 9am.e not exceeding 30 feet, there should br 
from 65 to 70 square feet. 
Ot, BUTfncB for me revolulLon for ench cubic fnol, 1.35 square feet. 

Grates. Their area in square feet should be from 3,75 Jo 3.S6 
imes that of the cubic feet in the cylinder. 

Sleam Room. There should be at least 7 times the space that 
here is in the cylinder. 



Fire and Fiv,e Surface. For every cubic foot in the steam cjlin 
der, the length of the flues not exceeding 50 feet, there should bi 
from 65 to 75 feet,* 

Grates. Their area in square feet should be from 3. to 3. 35 times 
that of the cubic feet in the cylinder.* 

PLAIN CYLINDRICAL, WITU EXTERNAL FURNACE AND FLUB 

For a Pressure af 100 lis. per square inch, 6Ut off at J the Stroke, am 
tuilk 35 RevBlulions. 
Fire and Flue Surface. For every cubic foot in the steam cylin- 
der, their length not exceeding 30 feet, there should be from 60 to 7( 

Grates. Their area ia square feet should be from 4 to 6 limes 
that of the cubic fcot in the cylinder.* 

In ihe LastcnaB ihfl nrnee of surface iseiiendEd to meet ilie sppMcaiion of small 
andlorge eujines. ns Ihe pcoporUoD of surflice vnries mulerintly with cyllnden of It 

Sleam Room. There ahonld be at least 5 times the space in the 
boiler that there is in the cylinder. 

NoTEB.— Four copiwr boileis. wilh a natural dranElil and hliumiaoiis coal, fiuse 
46 feet in lenglh. Including Heam chimney, wilh 14 sfuaie feel of Are and flue sor- 

Themeanof faur cues, wIlhiiDnliDileiE, and anlhracils coal, with a liiast; Huh 
SO left in length, gave, wilh 11.5 square leet of fire nnd flue sairixf, and y% of a 
square fbeC of grale anrn.ce for erer; cubic foot In the cylinders, steam al 35 lbs. 
pressore, cul offal J of the stroke of the pialon for SB revoIuUons. 

The space In Ihe slenni runni of lbs boilera and chimney wnsahoiil 3 Umesthnl 



ineVdecrcased."™ ^"^"K*" "'^ 

Farficnker ititles of practical reixtls, axdfiir the dimmsim 



GENERAL RULES. 



Str,am Cylinders. When Vsrtkid, multiply their diameter by llie 
estreme pressure of steam in pounds per square inch that they 
may be Bubjected to, and divide by 2400; the result will give the 
thickness in inches. When Herizoatal, divide by 3000 ; and when 
Inclined, divide as above, in a ratio inversely as the sine of the 
angle of inclination. 

Shafts. To resist torsion. For wrought iron, multiply the ex- 
treme of pressure upon the steam piston that they may ba subjected 
to, or the resistance to be overcome, in ponnds, by the length of 
the cranft or arm in leet ; divide this produot by 125, and the cube 
root of the quotient is the diameter of the journal in inches. 

If for Cast Iron, add J^ to the diameter thus found. 

When two shafts are to Im used, as in steamers with one engine? 

Take the cube root of 3 of the cube of the diameter found as 
ibove, and the result is the diameter lor each shaft. 

Journals. Their length should exceed the diameter not less than 
a the proportion of 10 to 9, anc! in some cases the proportion 
should be increased in the ratio of 3 to 2. 

Steam Pipes. Their area should exceed that of the steam valve. 

Connecting Rods. Their length should be 21 times the stroke oS 
he piston when it is at all practicable lo afford the space. When, 
lowever, it is imperative to reduce this proportion, it may be a little 
ess than twice the stroke. 

The diameter of the neek should be the same as that of the piston 

The diameter of the centre of the body is found in the following 

Multiply the length of the body (between the necks) iit feet, by 
he area of a neck, divide the product by J the stroke of the piston 
■r the throw of the rod, and the quotient is the area of the centre, 
rotn which the diameter may be determined. 

The length of connecting linla should be half of that of the stroke 
ir of the throw of their attachments. 

Where a pair of connecting rods is used, as m some descriptions 
f engines, and with tois, their necks should have an area of 
\ of that of the attached rod. 

When a second set of connecting rods or links are used, as with 
ir-pump connections, &c., their necks should have a diameter in 

ratio inversely as their throw to the stroke ofthe piston. 



216 STEAM-EBGIBB, 

Strapi of Connecting Roda, Links, &c. The area of the Strap at 
Its least section should be y^ that of the neck of the attached 
rod. The Ket/ should be in thickness -^ the diameter of the neck, 
the width of Gib and Ksy combined should be 1.S5 times, and the 
.S7o( should be 1 35 times that of the same diameter. The dra/l t>f 
keys should be from -fif to -j^^f of an inch per foot. 

Pins. For Crants, their area should be 1.6 times that of the at- 
tached rod, and for Air Pumps, 1.5 times. 

Crankt. Of Wroiigki Iron, The Hub, compared with the neck 
of the shaft, should be 1.75 the diameter and 1 05 the depth. The 
Eye, compared with the pin, should he twice its diameter and 1,5 the 
depth. The Web, at the periphery of the huh, should be, in width, f n 
the width, and in depth, one half the depth of that of the hub. At 
the periphery of the eye it should be, in width, ]%lhe width, and in 
depUi, -^ the depth of the eye. 

Tlie JlailH for Ihe fillets of Ihe sides of Ihe well should be Dim half of the width 
of the web at the end for which the fillet is deilped ; for the lilleie st the back of 

When of Casi Iron. The diameters of the Hub and Eye abonlit 
he, respectively, twice the diameter of the neek of the shaft, and 
a as times that of the crank pin. 

Beams. Their length from centres should be 1.8 the stroke ol 
ihe piston, and their depth one half of their length. If strapped, 
the slrap at its smallest dimensions should have at least -^j the area 
of the piston rod, its depth being equal to half of its breadth. The 
end ceniTca should have each one, and the main centre two and a hall 
times the area of the piston or driving rod. 

This proportion for the strap is when the depth of the beam is as 
above ; consequently, when the depth is less, the area must be in- 

Casl Iron Beams, when of uniform thickness, should haTe a thick, 
ness of not less than y'j of their depth. 

s, let L represent lehgtt: 

— v'(L-ra)'— (S^27=T. hration at each end 

r plug should be from 7' 

Pislon Reds of different materials should have their diameters it 
the Rillowing ratios : 
Wfoughllmn, 1. Tempered Sleet, ,6. Cost Iron, i.6. 
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Bailers — When Sea WalcT is used. The heating and grate sur 
faces should be inureased about Jj over that for fresh water. 

Furnaces — Wiih Coal. The space over the grate bars in height 
should be from S^to 3 feet. 

With Wood. The capacity of them above the grate bars, com- 
pared with one where coal is used, should he as 5 to 3. 

Flaea. The area of Ihem should decrease with their length, and 
nearly in proportion with the reduction of the temperatare of the 
heated air ; their area at the base of the smoke pipe being from 
tV to A that of immediately behind the bridge wall. 

Grates. The spaces between the bars should he as near or ffe- 
quent as possible. 
No™.— The bulk of (lealedair al Ihe bridge wail is about 4S0 cubic feet for each 

wall 'ftt every kIuS?^ lb.,1 of ^I'mnt'ivltti a bX^ d'axgit obon 30 inches. ^ 
Smoke Pipes, or Chimnajs. Their area at the base should always 
exceed that of the extremity of the flue i)r flues. 
Theintensiiy of ihe draught is nslhoaqunre root of Ihc height. 

Blowing EnGirsES. Eikauslin£ into a Condenser 



t« decreased, and Ibe snvke of in iaclies letalned. 

BLOWEna. Whtn driven wiih a Belt. 

Their Wid!k should be equal to Iheir radius ; the Opening, in 

tiieir sides, j of their diameter ; the Nozzle, not to exceed | and 

not less than J of it, and the Depth of the Fan -J^ less than tho 

diameter of the opening in the side. 

When Direct Acting. 

Their Width should not exceed J of their diameter ; the Opening, 

In their sides, J-, and the depth of the Nozzle, J of it. 

To ascertain the Pressure of a Fan. 

Let r = radius of blower in feet (talten from the centre of the 

blade of the fan), and ( = time of one Tevolution in seconds. Then 

.— - the height in feet of a column of air that the fan will support 
" T 



BTEAM-EKGINfc, 
en groinlciidedfatiUoselndicsted byih 



M Ike Areas of Pire and Flue and Grate Surfaces for 

a required Capacity of Cylinder, when the Pressure, Revmu- 
lions, and Point of Cutting off differ from the Units given 
under the several descriptions of Boilers, pages 213 and^li. 
Reduce the given capacity of cylinder to confoim to the appropriate 
units of pressures, revolutions, and point of cutting off; then multi- 
ply this capacity by the units for surfaces given, and the products 
wir be the required areas. 

EiAupLB, — The capacity ofa cylinder is 12.5 cubic feet, the press- 
ure of steam 40 lbs. per square inch, the revolutions of the engine 
50 per minute, and the point of cutting off i of the stroke of the 



1S.5X — — =:!9.7 capacity at 51.7 lbs. pressure, 
19.7x— - = 49.25 capacity at 60 rovolutiona, 
and 49.25 x- = 73.875 capacity at half stroke. 

;t of fire and Hue si 
!t of grate surface, 
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FOK BOILEES. 



Ewlie a Uie dirwUon of Ihi 



Copper. The tensile strength of copper hoiJer piates is about 
3(J,noi) lh3, per square inch of section, 

At a temperature of 550", this strength is reduced to 33,500 lbs. 
and at 817°, to 16,000 ihs. 

ConstTUciion of BoUsrx. 

The necessary allowances for the spaces between the riveta, ox- 
idation and the loss of elastieitj by extreme tensiniis, reduces the 
measure of ibis strength for practical purposes as follows -. 

Iron . . 10,000 to 13,000 lbs. Copper 7,000 lbs. 

Riveting. A double riveted joint is equal to j'j, and a single 
riveted joint is equal to -f^^ of the strength of the plate. 



Two 15 inch belts over a driver of six feet in diameter, running 
iviih a velocity of 3138 feet in a minute, transmit the power from 
he water-wheel at Rocky Glen Factory, the dimensions of which 
ire given in page 179. 

An 11 inch belt over a driver of 4 feet In diameter, running from 
1300 to 3100 feet in a minule, will transmit the power from two 6 
nch cylinders having 11 inches stroke, and averaging 1S6 revolu- 
ions per minute, with a pressure of 60 lbs. per square inch. 

Two 6 inch belts over a driver of 6.9 feet in diameter, running 
!700 feet in a minute, will transmit the power from two 9 inch cyl- 
inders having 8 inches stroke, and averaging 150 revolutions per 
ninute, with a pressure of 60 lbs. per square inch. 



1 MARINE 

100 parts of sea water contain 3 parts of its weight in salme 
latter, and is saturated when it contains 36 parts ; then, if the 
uantily in the bailer be tahen as 100 parts of water, and s parts 
e used for steam, i parts blowed out ; to lix on the degree of sata- 
atioii to contain 'x parts of saline matter, the quantity of salt en- 
eiing and the quantity leaving in the same time, will be equal 

3s 
/hen 3<3+i)=a:&; hencei = 5- 

If 1 = 30, the water in the boiler will not reach to a higher degree 
f saturation when J of the quantity used for steam is allowed to 
scape. And as it I'equirea but about J of the quantity of fuel fo 
oil water that is required to convert it into steam, the loss of fuel 
'ill be |x^=;j'( part,— TVed^nM- 



BLOWING- ENGINES. 

For Smelling, df-c. 

The quantity of oxygen in ihe same bulk of air is diflerenl at dit 
ferent temperatures. Thus, dry air at 85° contains 10 per cent, lesa 
oxygen than when at the temperature of 33° ; when saturated with 
tapour, it contains 12 per cent. less. 

Hence, if an average supply of 1500 cubic feel per minute is re- 
quired in winter, 1650 feet will be required in summer. 

Manufaciure of Pig Iron. 

Coke or AnlhranU Coal. 18 to SO tons of air are required fui 
each ton of pig iron. 

Charcoal. 17 to 18 tons of air are required for each ton Of pig iron, 
(1 ton of air at 60° = 29760 cubic feet.) 

Pressure. The pressure ordinarily required for smelting purposes 
ia equal to a column of mercury from 3 to 9 inches. 

ResemoiT. The capacity of it, if dry, should be 15 times that of 
the cylinder or cylinders. 

Pipes. Their area, leading lo the reservoir, tihould be 4 that of 
the cylinder (blast). 

To ascertain the Power of an Engine. 
l,el P represent pressure of blast in lbs. per square inch, 
V velocity of the piston in feet per minute, 
a area of cylinder in square inches, 

/friction of pistons, and from curvatures, &.C., estimated 
at 1.35 per square inch of piston. 
Pmocr. PX(iXi>X/=: power in lbs. to be raised 1 foot in a min- 
ute, and TTSnTin ^ '""'^^^' po^^^r required. 
If the cylinder is single acting, divide Ihe results by 2. 

Ta ascertain the Dimensions of Driving Engine. 
Let *;i represent mean effective pressure upon piston of steam 
cylinder in lbs. per square inch, 
*/ the lbs. pressure upon the piston necessary to overcome 
the friction of the engine, 
r revolutions of engine per minute. 
Cylinder. Divide the power in pounds by p — /xn, and the quo. 
lient is the area. 

Then 5-=; stroke of piston. 



To find the Power of a Condensing Engine. 
Let S represent velocity of cylinder piston in feet per minute, 
n velocity of air-pump piston in feet per minute, 
*P mean effective pressure upon cyliiiiler piston in lbs,, 
m pressuie upon cylinder piston necessary to overcome tht 



friction of the air-pump and 
"i the lbs. presanre upon the 
/the lbs. pressure upon the pi 

the friction of the 



5 geanng, 
-pump pislon, 
.ton necessary ii 



The value of m is about S lbs, per square inch, that of i 9.5 lbs.. 
and/, at a fair estimate, is J of the pressure per steam gauge. 

P— 7+^X S— ^ 
Then ■ — 'ssniirt ~ — = horses' power. 

ExiMPLE. — The diameter of a cylinder is 60 inches, the stroke oi 
the piston 10 feet, the revolutions 20 per minute, the diameter of th? 
air-pump 46 inches, and the stroke 4 feet: the pressure of the steam 
20 lbs. per square inch, cut off at \ the length of the stroke. 
Than S = 10x2x20 =400, 

11= 4x3x30 =160, 

F z= (per rule and example, page 

309) 30.855XSS2T.4 =60335.4, 

m = 3B2r.4x2 =5654.8, 

b = area of 46 X 9-5 = 15788, 

/=30X.2X3837.4 =11309.6. 



60235.4— 11309.6-f5G54.8x400 — 160 X1578B 
33000 — = 447.9 ho 

Tojind the Power of a Non- condensing Engine. 



f = i of the pi 

Example 1. — What is the power of an engine, the diameter of the 
cylinder being 10 inches, the stroke 4 feel, the pressure of the steam, 
per gauge, GO lbs., making 45 revolutions ? 

360x74.7— {7.54-14.7)2373X78.54-^33000 = 44.98, Jns. 
3. The same with 30 Ihs., cut off at i the stroke, and making iiS 
revolutions! 



200X31.61— (3.75-f- 14.7) 18.45X78.64-^33000 = 6.86, Ant. 
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STEAM-ENGIKE. 



To find the Power of an Engine in the vsiial Methods. 

aXPxS 

-^g^^= horses' power. 

(d-l)'xS 

— „.„ - = nominal horses power. 

■i'x^ - ,, 

-—^ — = nominal horses' power. 



To find the Quantily of Water reguired to he Evaporated in an 
Engine, the Capacity of the Cylinder, Pressure of Steam, and 
the Number of Eeaotultons being given. 

■■■ ■■ ■■ '" - When C represents cubic feet of steam expenileil in 

the cylinder, r the number of revolulions, and V the volume of tht 
Eteam at the pressure as shown by an indicaror, 

E z AMPLE ,—^Wh at quantity of water will an engine require per 
revolution, the diameter of the cylinder being 70 innhes, (he stroke 
of the piston 10 feet, and the pressure 30 lbs. per square incli, cut 
off at one third of the stroke! 

Area ofcjlindcr = 3848.4 inches, J of stroke = — =40 inches. 
Then 8848.4 X 40 H- 1738 = 89.08 cubic feet. 



cubic feet. 
Henc ^^"^^^ —.3017 cubic feet. 



No-n^-Tkis . 



ta the expe^iture oj 



Rule— Multiply the weight of the column by the velocity in fee: 
i>er minute, and divide by 33000 

EiAMPLE.— It is required to raise 
inches in diameter by S6 feet high, w 
minute; what power is necessary ? 

86 feel —3,31 feel, the height eqnal to 1 lb. per square inch = 
37.3 lbs. Area of 16 inches =30l-X37.3 lbs. x 138 = 957081.6-; 
33000 = S9, horses' power. To which must be added an allowanc 
for friction and waste, say }. 



STEAM-EKGIKE. 



Rule. — Multiply the number of cubic feet by 144, and divide Hie 
product by the area of the pipe or opening. 

EiiUpr.E.— The diameter of the pipe is 16 inches, and the quan- 
tity of water 1T9 cubic feet ; what is the velocity 1 
179 X 144-^301 = 188.3 feet, Ans. 

To find the Area, Ike Velocity and Quantity heijtg given. 
Role. — Proceed as above, and divide the product by tlie velocity. 



n the Loss of Heat per Square Foot in a SecoTid. 

t =lenipemtureoflliec.lr, ' " 

I = \eogai of tbe pipe in feet, 

= velocity \D f^t per second, 
_ ^j:...,.,.. i„ j-~Teea gf heal. 

1.7i(T-(]_ 



FKICTION OP ENGINES. 
The side-beam Engine taken as the Slandard, 

Bj imporinientB mafle in London wilh b nomiondensing enjiine, il appearad 



To ascertain Ike Loss of Heat ly the blowing aff of saturated 
Water from a Steam-boiler. 

3^ ^3 proportion of the heat losti and, to obtain the 

loss per cent., invert this formula. 

1 tba dilterenue in Ihetanparalures of Qio water Wowed ofl' and supplied lo Uw 
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COMBUSTION. 
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and when the hodj 
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es appear vUlble, even in B feinl light. belOB 






Carbon 








)n]|>bies wiUi 




hao93ofilawei6litofoijgen. In its m.o 


b^Uon, 


1 lb. ol 


: it produces 


"uRicleDl 1 


leat to lacreasB tbe temperature of 13000 lbs. 








llsit^' 


(n esisls in a gnsaius stUe, and coniliines wil 


:hSUniesil9w 


'^ght of oiy- 


m. ^i 


lb. of 11, in buralag. raises tiie Ileal of 420Q0 










laiiij of air cheidically reqnired for tHe con 






. of bitumm- 


uJ'^rii 


1150.85 cubic teet. 












at 41)5 c 
















FUEL. 


inicdby 




nuiion in ihs 


Wilh« 


jual weight!, thai which contains most hyd 


rogen, Di 


ught fi: 


1 iis comhui- 




oduce Ibe giealesl qiianiily of heat where . 


;ach hir 


id is e: 


tposed under 




adviinlagooua citcumBUuicee. Tbas, ^ne wood ia 


prefer; 


ibia to hard 


wond, and 










WHen wood ifl employed s* a fliel. It ouBht to be OB dry 83 i>o 


issible. 


To produce 


Ihe grente 


:S quanllly of heal, ll ehould l.e dried W ih 
y employed, it hoe ahoul 25 par cenl. of wa 


e dliecl 


oppllc: 


Eillon of beat 


AsSmmll 




ihoheat. 










DiOereD 


.tfuals r«.il«, distant quMtltiee of cxy™. 


Ifbr Ih 


edll%] 


;Bnl kinds of 



Bary loafiiirdl lb. of oiygen; and maldng a due allowance f<H' loss, neatly flDcuUc 
feel of ale will be taquiieSbi theftuaaca of aboller for each lb. of Diygen. 

BITUMINOUS COAL. 



id Scoich the lesKi etfecilve. 

Average Weight per Cubic Fool in Founds, 
nbetland 5S.3M I Weslem 



ANTHRACITE COAL, 



idof; 


■""' 


*i 


fiomTi 


to 91 
VAtf 


CHARCOAL, 


woo 


dw'll 


quality is ma 
ofcMJfriinil 


fle fVom oak, maple, bcecl 
en properiy bu.ned, abool 
hard ivood viei^ha ahoul ; 



Cm: f\iniL3be9 GO lo 



WOOD. 



Table tkoming the Weigkla, Euaporaiin: Pmaei-s per Weight, and 
Bulk and Charaaer of Fmh,frem Report of Frofesaiir WaUef R. 
Johnson, IF ' ' 



„..i„^..„„,. 


'^^ 


W,i5bt 


S"^ 


Si^ 


S' 


illl.i.>™lt. 


Bloaabui«h ?"" ."" 


1J37 
J. 324 

!,283 


S9,1B 
54Jill 

46:81 

47:65 

seiit) 

IS 


a:™ 

8.M 

sios 

io:o6 

B.S8 
8 47 


573.3 
43S:4 

385:1 

3S9:i 

57a:B 


3:4i> 

3.55 


4a. 














pr.7. : : : : : 

Invornool 

CloveiHilL .... 


3,362 
1.2S9 
1.373 

1.464 

1.477 


40:7 


CoKB. 

Nalutdl Virginia . . 
Dry Pine W™d. . . 


1.M3 


106.6 



30.42 csbie fncia. 



COMBUSTION. 



Ta 


LE showing the Resulls 
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Bidl' 
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Rt.al oe Yd le of the folhw g tiiehhj We ght 
lasoj fA oik 



AN^LISIS OF FUELS 



Blti mpn 18.40 



''eigfti 0/ andri/ Fue/s (; /orm a Lvh%c Foot of Water al 52° title 



Tablk shoiring the Healing Powei of different Sulstanc 
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nfliove ''"'' " 


£%0 


SK 


P-at 


31-11 


S.8 






WATEE. 

in of it by weight and in 



Oxygen 
Hydrogen 
Oae cubic ineli al 



III 



°, the barometer at 30 inches, weighs 352.458 
grains, and it is 830.1 times heavier than atmosplieric air, 

A cubic foot weighs 1000 ounces, or 62J lbs. avoirdupois ; a col- 
umn 1 inch square and 1 foul high weighs .434038 lbs. 

It expands ^ of its bulk in freezing, and averages .00U2617, or j^ 
forcTcrj degree of heat from 40^ to 313°. Maximum density, SO.w", 



Ta 


LK of Expansion a 


di>««( Tim 


p« 


atares. 


13° 
33° 

40= 


00336 
00090 
00033 
00000 


64" 
103= 
313° 


.00159 
.00791 
,01330 



Showing an increase in bulk from 40° to 313° of j^jsj,! equal lo 1 

cubic loot in every 33.09 feet. 
The height of a column of ( ] '.^ ^^'^Zl^^' '' 3 fs'^'' 

pressure of . . - ^he almosphere '■ 33.86" 

River or canai water contains ^ } of its volameof gaseous mat- 
Spring or well water " ^^ ^ ter. 

A cubic inch weighs ,0361 of a lb,, and at 212° has a force of 
39,56 inches mercury. 

Sea Watkb, according to the analysis of Dr. Murray, at the spe- 
cific gravity of 1 039, contains. 

Muriate of soda 330.01 = ^'^ 

Sulphate of soda 33,16 = jij 

Muriate of magnesia .... 43.08 = ^^j 

Muriate ol lime 7S4= i 



Wh 


en 1000 parts 


ivere reduced 

s.lHn wo |flr«. 


y evaporation. 


lOOO 
399 
103 


314° 
317" 
328° 


io' 

39.5 


None, 

Sulphate of lime. 

Common salt. 



Boiling Foil! 


al different Degress of Saturation. 


,^„i.o.t^,i^™p,„t. 


B»ili,«^tat 




B.ninep«Dt 


Saturated i .,- 
Bolutioii ( ""■■" 






319,0 




15.15 


317-9= 


33,34 


324.9" 


la.ia 


316.7" 


30.30 


333.7'> 


9,09 


215.5° 






6.06 


211.4° 


s-t.sa 


221.4° 


3.03) 


313.3" 


21.32 


330.2" 


Sea water J 



Silt WiTEn. A cubic foot of it weighs 64.3 lbs. ; a cubic 
03731 lbs. 

The height of a column of f 1 lb. per s[|uaTe inch, is 3.21 

water at 60°, equivalent to the 11" " cjrcuiar " " 2.8' 

pressure of . . j 1 inch of mercury, " 1.0! 

(Specific graYity, 1039). [ the atmosphere . " 33,9! 



I Water from diffcrcnl i 
6.60 Equator 

31,60 South Atlantic . 

i8.30 Sea of Marmora , 

13.76 Nortli Atlantic . 

15.50 Dead Sea . 



Iriah Sea 
Britisli Channel . 
Mediterranean . 



3 volumes of carbonic acid in 1000 ofsf 
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G [IK POWDER. 

B shuwitig' the Increase of Weight in 1 lb. of varioas KM* of 
Gaiipaimlm; exposed to Moisture for a Period of 17 Dayg. 
Experimentt of Cnptaln A. Murdecsi. U.3.A. 



?otl°r 


'wli^'h>°' 


?J°.1,S;. 


'wlirffi."'! ?!.i^°l 




3 

B2 


2.77 
335 

3.685 


E5 

F 

Pi 


8,65 
2,09 
1,91 


F3 
G6 


2,95 
4.42 



'ITie powders A and B were slightly called by tiiis exposure ; E 
mucli more so ; the F's were not at all caked ; and the G became 
hard caked on the surface after 6 days' exposure. 

Table shaicing the UdiUiiie Force, by the Musket Penduban, of -Boriout 
Kinds of Gunpovidsr in good oiilir, laid of the same Pov>4ers dried, 
after Exposure to Air salurated with Mmstmre, 

ER]wrlinenl3 of Cnptain A. Motdecai, U,B,A, 
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39.06 




A ' 
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2f 
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2!* 


1480 








fl h 


1684 




IKI 




.11 


1516 


9.9S 






Kf. 


1351 




It 
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1473 
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Ifl 


K 1 


U04 


',!( 








1315 


6,34 






H'( 


1373 


V? 


hit 




•Mt 


1143 


16.75 






Cb 


1856 


\i) 


53 







1473 


20,69 







The least dense powders reti 
The gain by the powder E 5 a 
density of it in its original atate was so great as to impede its com- 
Dustion ; hence, the grain becoming swollen by exposure to moist- 
— — J i^g density correspondingly diminished, its combustibility 
_ 5( degree than its strength was implied 

-l-pound gun, Captain Morde- 



Inalarge charge, like to that of a 
nai thinly the result woald not be th 



g the Loss of Force by Windage, 

a o{ Captain A. Mordf csi, n,S,A. 





B.,. 










Po-i«- 




.SE 


.^i«^%. 


.iSt^ 


i 


24.25 


1631 
1963 


1460 
1703 


1333 
1696 


1197 
1465 



A comparison of these results shows that 4 lbs, of powder give la 



GUNPOWDER , 



It ball without windage nearly as great a velocity as is given by 6 
lbs. to a ball having 0.14 inch windage, which is the true windage 
of a 34-poiind ball ; or, in other words, this windage causes a loss 
of nearly one third of the force of the charge. 



; showing ike Loss of Force hy the Vsnt of a Gun. 
Expeiiments of Captain A. Mordecai. U.&A, 







2i-fovs 


EH Gun 






Powd.r. 


VCB.. 


™«iW"rBsii 


Po-viI,r. 


Ve«. 


VelocilrofBslL 














3 


,175 


1251 




Closed 


1705 




closed 


1369 


6 


.35 


1625 




.35 


1696 


6 


,175 


1627 


6 


.176 


1703 


6 


closed 


IGIS 



These experiments show that the loss of force, by the escape of 
gas from the vent is altogether inconsiderable, when compared with 
fhe whole force of the charge. 



,E thawing the Effect ofdiffert 



it Descriptitma of Waddijig. 
. Mordeooi, U.S.A. 







KM srwai 




KiKE 


Wsifl.!. 


Pn's^. 














Ball wrapped in the cartridge paper, j 




G6 


77 j 


the whole crumpled into a wad y 
and inserted over the powder ) 


1377 




77 


1 felt wad on powder and 1 on ball , 


1346 




77 


3 felt wads on powder and 1 on ball , 


1483 


I'^eneh ) 


77,17J 


1 elastic wad on powder and I on ) 


1096 


sporting ( 


hall ( 


1169 




77,17 


S pasteboard wads on powder , 


1200 


" 


77.17 


2 felt wads on powder 


1088 


Ge 


77.17 


3 elastic wads on powder . i 


1100 
1079 




77.17 




1193 




77.17 


S felt wads on powder 


1106 




77.17 


3 felt wads on powder and I on hall . 


1190 




77,17| 


Bail wrapped in the cartridge paper, ( 
as in the first esperimoiit , ( 


1337 



TiiefeUvmiityrerc gulfroid the body ofa hat weight 3 gratae. 
The paauigard aadi were Alh of an loch thick, wraghl a graiUB, 
The aa-aidgi papir was 3x f,5 iacbea, weight 13,83 grnioB. 



euNroWBER. 



Compaiisim of the Force of a Charge in vas^ous Arms, as determined Jy 

Experiments in Small Arms, of Rifie Calibre. 

By Caplain A. MprdEcal, V.B.A. 



Common ritlc - 

< HaJl's rifle , 
* Hail's carbine 
' Jenks's carbine 
Cadet's musket 
Pistol .... 



' LoBded at the breach. 
L Deducttone of Captain Mordecai, suggested by his Experi 



relative force of different k 



In the proof of gunpowdei- a cannon pendulum shouW bouaea. 
In H 24-pQunder eao, new cannon powder should give, with a charge of 6 Iba., 
n inifial velocity *f not lasi than leoo feel »> a ball of medium weighi and wind- 



with a charge of 120 grains, should be ; 

Willi new rifle powder, no' 
With fino eporthig powder, 

1 
The powder of peatest fort 



le pound), 01 

.tleaa than 1500 feel 
H than leoO ieet 



For Ibe purpose of retBloing the bait in ils place, lieW grmsmas ahqnld be uaed. 
On the other hand, It Is of great importance, and eapecfally so to the nee of email 

torco' of Ibe charge, unless, ailn lbs rifle, the baU has but very litOe windage. 
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ESca <tf Qlating. 

combustSiTofThc gri'ne, by aferding a rapid tiansmlasion of [lis flame Ihrongh 

ESia of Veirtg Fcrcmiiaa Primers. 
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GUNrOWDEE. 
Bore, WbiuHt of Ciueoes ahd Ranges fob U. S, Ski 



Ki.,d<.rA,ni 




VIM^^!B.ll 






l-Ktoi '. '. '. 




■J^5 


iu 


U)7.5 in-Blpa. Wad, 10.2 ernina. 



»fuoS«. WiailhelialliiflTlo the pound, flnd a cSarge of 110 grains of pQWdw, 
yai'dg, an etevAtion of 3° W is oecassnrj, sod at liia distiuico tlio ball iril! pasa 

Mned; bat BB 75 prnlns can beuBedwitfaontolr{;^iuf Ilie ball, it is deemed better 

Pinal. With Hie charge ofSOfrHlna.fte ball to projected through aplnebDSrd 
I inch thick at a dlslanee of aO yards. 



Whole Icnglh EO.Sinch 

ThiDltneasotitaveaaodheada '.'.'.'.'.'. J> " 

Weight of barreii about 2S lbs 

US 
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PENETRATION ( 



PENETRATION OF SHOT AND SHELLS. 



PENETRATION I 
Experiments at Fort Monroe Arsencd in 1839. 



c.,„. 


Ch.r^ 


EIstWI™ 


DiK.ntt, 


Si 


S= 


niS3~ 


Sliol. 
33 Pounder {GuQ} . 

SJull. 
8 Inch Howitaar J 
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I" 35 
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13. 
4,5 


15.35 
8.5 



The solid shol broke against the granite. 

The ehella broke into small fragments against each of the three 



PENETBAnON IK WHITE OAK. 
Experiments at New-York Harbavr in 1814. 
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Di™„™, 
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33 Pounder . j 


Ti 
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Ol)"' 
64 


Shol wrappeJ mas 
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PENETRATION IN COMPACT EARTH 
(Half sand, half claj). 
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>ni% 














Shol. 

ShdU. 

8.783 

Musket . 


154 grains 


109.1 

*48.4 
9.85 


103 4 

*45.3 
8.6 


93.4 


69.7 
33,3 



The penetrations in other Iiinds of earth are found by multiplying 
the above hy 63 for sand mixed with gra.vel; by 0,87 for earth 
mljced with sand and gravel, weighing 185 lbs, to a cubic foot; by 
1,09 for compact mould and fresh earth mixed with sand, or ha& 
elay; by 1,44 for wet potter's clay; by 1,5 for light earth, settled; 
and by 1,9 for light earth, fresh. 



• Wllh'lhls charge, a' 
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PENETllATION OF SHELLS. 
PENETRATION OF SHELLS. 
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■re 
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31.6 
39.5 
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3.9 
4.7 
5.9 
7.8 
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8.6 
13.7 
10.6 
16.7 
14.5 
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4.3 


3.5 
4.7 
3.9 
5.6 

els 


8.9 
6.1 
4.3 
5.9 
6.3 
6.6 

7. 



The penetralion in other liinds of earth and stone may be obtain- 
ed by using tho coefficients given ("or the other tables. For woods, 
Hse for beech and ash 1, for elm 1.3, for white pine and birch 1.8, 
and for poplar 3. 

144 grains of powder in a musket, at 5 yards' distance, will pro- 
ject a ball 3 inches into seasoned white oai, and 100 grains in a 
rifle, at the same distance, 3,05 inches. 



J SEASONED WHITE C 

Expfrimenls al Washngiira Arsenal in IS! 
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Hall's rifle 
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Arms loaded with 
new musket pow- 
der, 

CliargB too groai 
tor service. 



WEIGHT AN"D DIMENSIOlSrS OF SHOT. 





CAL3BKE 




3 Ind,, 




13 


M 


18 


,j 




nelerofWfhi, 
n ivoight ,n lbs 


age . 








E60 


sab 


iO-i 




6.M 






.e45 





CAILC ASSES. 
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WEIGHT AND DIMENSIONS OF LEADEN BALLS. 



S" 


jSs- 


Number 


Bkm. 


Dl«n. 


/p3. 


S°' 


V""'! 


/™|^, 


''Xl^°' 


:..H«h, 




pm»L 




IDTH 


^ 






33 




JOI 


170 


•'A 


iS 


5 


» 1 


'Am 


30 
40 




.soo 


190 
309 


:^ 


■™ 


^ 




fi 


50 






MO 








* 75 












• « 


■7^ 


j9 


*395 
































































•li 


.flP3 
.650 


i 




.348 


130 




.247 


310 

320 




:h5 


w 


* 1^ 


:^ 


liio 




.337 





N OF Shot healed to a While Heal. 



Copper 90, Tin 10, 

Specific grarity is greater tlian the mean of copper and tin, i 
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MISCELLANEOUS. 



MISCELLANEOUS. 



RECAPITULATION 


OF WEIGHTS 


OP VARIOUS SUBSTANCES. 




C.h„S,„™poand.. 


Cubl^ inch h, ,«,..« 


'Cast iron 


450.55 




hWrought Iron . 






466,65 












489.8 




2834 


^Copper . 










33118 


Brass 






708,75 
537.75 




41015 


Tin . 






45G. 




263 


White PitiK . 






29.56 






Yellow Pir.e . 






H3.8! 






White Oak . 












Live Oak 












Salt Water (sea) 






64.3 




33731 


Freshwater . 






63.5 






Air . 






.07539 




Sieara 






.03G89 







Weights of 


a Cubic Foot 


ofvario 


ts Substances in 






or dinar tj use. 






Loose earth o 


sand 


. 95 


Clay and stones . 


ifiO 






. 124 


Cork . 










. 137 


Tallow . 






Clay' . 




. 135 


Brick . 




135 



Sizes of ShUs. 






Doubles 


14 by e 


inches. 








Countess 












Imperial and Patent . 






Rags and Queens 


39 "37 


" 



nvE given ,8013 as tha wclghl of a cubic inch 
lielps, Hodge, '&, Co.'s Works,' in Becby, Cona 



MISCELI.AKEOUS. 

F CISTESNS IN U. S. GALLONS, 
for each 10 Inches in Depth. 



iameter 




19 
30 


5 
6 






59 
12? 


U 
40 






Mh 


10 


" 




ITH 


35 


,. 




2aa 


ftR 


" 




MVb 


40 



Coppir. 


Tin, 




z:»;. 


a 

3 
4 

8 
9 





1 
1 
i 







10 


1 







78 


9.V. 




t 


80 


10 


5,fi, a 


Kl lead 4.3 ( 



For Yellow Brass. 
Spelter. 

Lathe bushes. 
Sliaft bearings. 

" " (hard). 

Wheels, boxes, cocks, i 
Gun mcial. 

Valves. 

Bel is and Gongs. 



'^tr 


Dij 


nau' 


D.T«'«f 


°ifK' 


"^f^:;" 


Dtpa, of 


?;i:,;ir 


"afT™ 


"'il" 


1 


.33 


.14 


!■} 


2.05 


1.40 


3.f 


4.05 


2.75 






45 




SH 


l.if 


3.25 


1.50 


3.i 


■\.tf> 






i 




55 




43 
55 


l.S 


2.45 


1.65 
1.70 


3. 
3.i 


4.80 
5.20 




3U 
60 


ft 




fls 




03 


1-3 


3.85 


1.95 


3.^ 


5.:>5 




as 


i 


] 


05 




70 


i.i 


3.05 


3.05 
2.30 


3.1 


5.95 
6.30 




15 
40 


i 


1 
1 


85 


1 


96 

10 


3.i 
2.i 


3.45 
3. 55 


3.50 


4.4 

5. 


7.10 
7.85 


5 


50 



TE.— The depih of the hoai sh 



MISCELLAMEOUS. 



r.BLE showing th 


Nwmb 


No. of threads, 


i- T 
20 1 


lljam, in inches, 


U- 1 


No. or threads, 






. an Inch in V thread Sere 



16 14 12 U !0 



31 2i 3 3| 3| 



Kara, in inches, 3|. 4 i\ i\ i} 5 5J 5J- 5j 
No. of threads, 3 3 2J 2} 3| 3f 2f 3f 2h ^ 

The depth oftlie threads should be half their pitch. 

The diameter of a screw, to work in the teeth of a wheel, shoulu 
Ijii such that tlie angle of the threads does not exceed 10°. 



T„„pB«»r.. j SL-^nshlnli,* 




Slrajihinlb, 


T«,.p.«l»™. 


Slr™s.h :i. in 


aiS' 33187 
303- 30373 
392" 37154 


545° 
602° 


S69S1 
35430 
23303 


801° 
OlS" 
I0]6° 


18854 

1478 a 
11054 



DIGGINC. 

S3 cubic feet of sand, or 18 cubic feet of earth, or 17 cubic feel 
of eliij", make a ton, 

18 cubic feet of grave! or earth before digging, make 37 cubic feel 
when dug 



A chaldronofbitumiiiouscoal yields about 10,000 cubic feet of gas. 
Gas pipes i inch in diameter supply a light equal to 30 candles, 
1,43 cubic feet of gas per hour give a light equal to one good 
iandle. 
!. 96 cubic feet equal four candles, 
a, ■' " " ten 



Is obtained by distillation from I'ermeiited liquors. 

I'rdporiion of Alcohol in 100 parts of the fBllomng Liquo 



Scotch Whiskey 


S4 


:w 


Irish " . 


(v; 


!1 


Rum 


r.: 




Brandy . 




;iH 


Gin . 






Port . 


1:7 




Madeira . , 


*, 


VJ7 


Cmrant . 


V.I 


sr. 


Teneriffo , 


la 


79 



Sherry . 
Olaret 

Gooseberry 
Elder 




13.8 
11.8' 

s.r 


PDrter 
Cider 


4.3 
'Pwf. Brands 



WEIGHT OP COMPOSITION BHEATILING t 



Wuintsr 


is.-r 


'^.";;^"d','' 


NumhiT. 


■s:^' 


>™mii!' 


W™l*r. 


■^1;^= 


Nu-nbtr :« 


1 


} 


390 


6 


1 


190 


10 


n 


101 


3 
3 


1 


261) 
213 


7 


,1 


184 
16S 


13 


1* 

a 


74 
64 


4 
S 




301 
199 


" 


1* 


no 


13 


3i 


59 



ifJ'J^' ? P^r*' i Mixed with oil, will r- 



A barrel conlaitis 300 lbs,, equal to 4 struck bi 
BROWN M OUT AH, 



t and sand, lessen about ^ i. 



.Google 



BRICKS, LATHS, ETC. 
Dimensions. 
Common brick . . 8 to 7|x4ix3i inches. 

Front brick , . . . 8^ X^jxSi " 

SO common bricks to a cubic foot, when laid ; 
15 " " " a foot of 8 inch wali, when laiJ. 

Laths are IJ to Ik incliea by four feet in length, are usually set 
i of an inch apart, and a bundle contains 100. 
Stourbridge fire-brick, 9Jx4|X2i inches. 



JD cubic yards of meailow hay weigh a ton. When the hay is 
sn out of largo or old stacl:s, 8 and 9 yards wili make a ton. 
11 to 13 cubic yards of clover, when dry, weigh a ton. 



40 feet apart 


37 hills. 


8 feci apart 




35 






30 ■' " . 


48 




5 " 




69 




3i " ■' . 


20 " " . 








15 " " . 


193 




3i '■ " . 


12 " " . 


303 






10 " ■■ . 


435 




1 " 



BUeirfOupi 


,„ 


. 


- 


T 


» 


. 


., 


'^;- 


KgSSSiSlS: 


11 


S 


s 


S 


S 


1; 


'tss' 


11 


V.^l.tcon,plfM . . . . 


4609 


3605 


8976 


M93 


3109 


IMS 



HA 


MISCELLANEOUS. 




WEIGHT OF LEA 


PIPE PEK YARD, 




From 


lo ii Inches DiameUT. 




WciEhl 






Wriehi 


i incEi medium . 3 




li inch extra ligh 




" Blrong . 4 




'■ light 


13 


Hnch light - 3 




" medium 


15 


■' medium . 4 




" strong 


19 


" strong . 5 




1| inch medium 


16 


" extra strong 6 


6 


" strong 


20 


} inch light 5 




S inch light 


IS 




8 


" medium 


SO 


" strong . 7 


8 




23 


" extra strong 8 


4 


3i inch light 


35 


i inch extra light 5 




" medium 


30 


'■ ligiit . 8 






35 


" medium . 8 




3 inch light 


30 


■' strong . 9 


13 


" medium 




" extra strong 10 




" strong 




i inch extra light B 


14 


31 inch medium 


45 


" light , 8 


5 


" strong 


64 


•■ medium . 10 


S 


■■ extra strong 70 


" strong . IS 


4 


4 inch waste, light, 15 


H iQcii extra light 8 


5 


" " mediun 


,ai 


■' light , 9 






26 


" medium , 11 




4i inch " light. 


17 


" strong . 12 


8 


" ■' mediuo' 


,34 


■' extra strong U 


10 


" " strong, 


29 


Very lig 


M Pipe. 







--- 




Mkh thl^Una 




f=?a 






™id.n 


».t>h«t. 


Single . 
Double X 


10x"4 
lUXU 


31 

37 


,0125, i^T 
.0181, (or 


5S lo 1 inch) 


0.5 
0.75 



RELATIVE PR! 
31 to 3J inches . 



34 to 35 inciins 



IS to 33 I Band . 



POWER REqU[RED TO PUKCl! IKON AND COPPER PLATES, 

Tkrovgk an Iron Plate, with a Pvnck ^ Inch in Diameter. 

,08 inclics thick 6835 lbs. 

,17 " " 11950 " 

.21 " " 17100 " 

Through a Copper Plate, with a Punch ^ Inch in Diameter, 
,08 inches thick 3983 lbs. 

The fiirce necessary to punch holes of (lifferent liiameters through 
melals of various thiclinesses, is directly as the diameter of the holo 
and the thickness of the metal. 

To ascertain the Farce necessary to Punch Iron or Copper 
Plates. 

Rule,— Multiply, if for iron, 150000, and if for copper, 96000, by 
the diameter of tho punch and the thickness of the place, each in 
inches ; the product is the prossnro in pounds. 
The use 0/ oil reduces the above S per cent. 



....Gooylc 



' SQUARE ROLLED IRON. 



IRON. 

Oabt Iron expands ywww "^ '^ length for one degree of heal ; 
greatest change in the shade in this climate, tj-Vit °^ i's length ; 
exposed tu the sun's rays, y^lni ; shrinks in coolmg from -^ to J, 
of its lengtti ; is crushed by a force of 93,000 Ihs. upon a square 
inch ; wilJ bear, without permanent alteration, 15,300 Ihs. upon a 
square inch, and an extension of j^ of its length. 

Weight of modulus of elasticity for a hase of an inch square, 
18,400,000 lbs. ; height of modulus of elasticity, 5,750,000 feet. 



tjVbb "'^ '^^ length for one degree of 
■ .„„h "'ithout permanent alteration, 
■ " ' ooliesive force is 



Whouoht Ibon ex pan I 
heat ; will bear on a aq 
17,800 Jbs., and an extension in length of y^„„ 
diminished ^^ by an increase of 1 degree of'heat. 

Weigiit of modulus of elasticity for a base of an inch square, 
S4,9S0,OI>0 lbs. ; height of modulus of elasticity, 7,550,000 feet. 

Compartd wilh cost iron, its atrength is I.IS times, its exteiiKibililj/ 



5Hr OF SdUABE ROLLE 
From i Inch to 13 Inch 





W.1 hi ,h 


eL-n 


w,.ih.:= 




^ .^^ 


Ei»ta 


W. Win 


te 














p^ir 




, 


2. 


13.520 


4 


i 64.700 


r.i 


190.13(1 






2. 


15!263 


4 


68.443 


7.i 


303.034 






3. 


17.112 


4 


73.305 


8. 


316.330 




A -"8 


». 


19.066 




76.364 


8. J 


330.068 




i .211 


2. 


21. ISO 


4 




8.1 


244.320 




i -475 
i .845 


2. 


23.292 


5 


84:480 


s.i 


258. SOO 




3. 


25.500 


5 


88.784 




373.793 






27.939 


6 


93.168 




389. S30 




1 1.320 


3! 


30.416 


5 


97.657 


i'.i 


305.066 




1 1.901 


3.i 


33.010 


5 


103,240 


9.1 


331 .332 




i S.588 


3.| 


35.704 


5 


[06.953 




337.930 




3.380 




39.503 


5 


111.756 


10. 'i 


355.186 




4.378 




4!. 408 


5 


116.671 


lO.i 


373.673 








44.418 


6 


131.664 


iO.I 


390.638 




6'.390 




47.634 


6 


i 133.040 




408.960 




7.604 




50.756 


6 


I 143.816 


nil 


437.813 




8.9S6 


4. 


54.084 




i 154.012 


ll.ir 


447.034 




10.352 


4. J 


57.517 




165.032 


11.! 


466.684 






4.1 


61.055 




i 177.673 


13. 


486.656 


E 
inch 


A«PLB.-Wha 


Islhem 


eight of a 


^ 


rolled iron IJ 


„ch.,«, 


are and 19 



. 7.M1 ppHnds,i*yia»^aB;i^ an 



WEIOHT OT I 



E.— Wh« is (he weiglil of o bnr 8i Lnchefi squnre and Oj Inches lung 1 
m 5lh, oppnSle to 6j, la 138.010, which is Ihs welglil for a fbol in leagth. 
mxia inc hes = 138.(140 



" iBi = as-oau 



WEIGHT OF ROUND ROLLED IBO:i, 
Frooi i Inch to 13 Inches Diameler, 

























l»»»i,. 
















pound.. 


.i. 










9S8 




53 


760 


7 


I 159.456 


.041 








140 




66 


788 


8 


169.856 




3 




14 


975 




59 


900 


8 


i 180.696 


■Ti 


.119 


3 










63 


094 




i 191.808 




.165 
[663 






18 
30 


393 
076 
944 




69 
73 


752 
731 


a 


1 203.260 

215.040 

i 337.162 




1.043 






33 






76 


700 




1 239.600 




1.493 


3 




25 


926 


5 


80 


304 


9 


i 353. 37S 




3.033 


3 




26 


040 


6 


84 


001 


10 






S.654 






30 


340 


5 


87 


776 


10 


J 3781934 




3.360 


3 




33 


513 


5 




634 




; 292.688 




4.172 


3 




34 


886 




95 


552 




I 306.800 




5.019 






37 


333 




i 103 


704 


11 


331.316 




5.973 






39 


864 




1 US 


160 


n 


1 336.004 




7.010 








464 




1 130 


960 




i 351.104 








1 


17 


174 
953 


7 


130 
i 139 


048 
544 


12 


i 366.536 
382.208 




loieie 




i_ 


50 


815 




i 149 


338 
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WEIGHT OP FLAT ROLLED IRON. 

WEIGHT OF FLAT ROLLED IRON 
From ixi Inck to 5JX6 Inches, 





n!c 




















» 






•^ 










ea">. 








.i' 






0.311 


l.J 




5.808 


S. 






0^845 










4S3 


1.1 


■1 





633 
366 








3 


534 


■i 








364 
5S8 
793 




1 


1 
2 


900 
535 
168 








3 

4 
5 


379 
334 
069 










056 


















914 


•i 








316 






4 


435 






769 










633 




1. 


5 


069 




1. 1 7 


604 










950 

365 






5 

e 


703 
337 




l'. i 9 


448 
394 


■i 








584 


l.S 


i! 


6 



970 
6M6 






10 
10 


138 


























S38 










108 
477 
S46 

317 




'.■ 


s 

3 
3 
i 


059 
746 
433 

805 


3.* 




12 

1 
3 
3 


673 
795 
591 










845 








493 






4 


488 










367 








178 








386 










090 
















383 










113 






7 


551 








181 










534 






8 


337 






8 


079 


i-i 










956 
475 
950 
435 
901 
375 


I.i 






3 
3 

3 


739 
479 
318 
957 
69S 
435 






8 
10 

n 

13 
]3 


977 
874 

567 
465 


i.i 


' 




a 




850 
336 
803 
538 
056 
5S4 






B 
7 


178 
914 
653 
393 
133 


3.i 




14 

I 
3 
3 


363 
950 
900 

803 
753 








3 


113 








610 






E 


703 








3 
3 
3 


640 
168 
696 


1-5 





I 


793 
584 
376 






7 


554 








i 










168 








605 


i.i 


' 


i 

i 


i 



753 

161 
743 






4 
5 


960 
753 
544 
336 






10 

3 


456 
406 
356 

3or 










335 








139 






i 


257 








3 










931 




i. 


5 










3 


484 












i.i 




158 








4 


065 






9 


505 


S.i 


■ i 




003 




1 




4 


646 






10 


397 




■ i 




006 




1 


i 




23T 








039 








3 


009 



WEIGHT OF FLAT ROLLED IRON. 
Table— (Co nil nueii). 



































p^Ddl 






pu™l.. 








3-S 




4.013 


'34 




3.323~ 


'3. 


'4 


17.743 






£ 


016 
Olfl 






4 


647 




i.| 


19 010 
30.377 






1 


033 






5 








33 


811 








035 






6 


970 






25 


346 






t 


038 












2i 


37 


881 






It 


032 
035 








394 
455 


3-i 




I 


373 

746 






i: 


038 
043 








617 
779 






4 
6 


U9 
493 






i3 


045 








940 






6 


865 






16 


048 








102 








337 






16 


051 








364 








610 




2. 
2. 


r, 


054 
057 




i: 




435 
687 




l'. 


10 

3 


993 
350 


34 




1 

2 
3 


056 
112 

168 




2. 


30 


910 
072 




:| 


6 
6 


730 
103 
475 






4 


334 




3. 


33 


234 






7 


848 






6 


380 

393 
448 


2.i 


3. 


24 

I 
S 


395 
315 




24 


20 
31 

34 


as I 

594 
967 
712 








9 


504 






4 






3,1 


27 


458 








ID 


560 








073 




s.| 


30 


304 








13 


616 
673 






7 


287 
502 


34 


'■i 




950 
479 








13 


738 








716 




.1 


3 


957 








11 


784 




i.i 


iO 


931 








4 


438 






15 


840 




1-1 


12 


145 








5 


914 




s! 


16 
17 
19 


898 
953 
008 




; 


13 
14 


360 
574 
789 








10 


393 
871 
350 


s.S 


^'. 


20 

1 


064 
109 




• ■ 


8 


003 
318 






11 
13 


838 
307 








318 
327 




i: 


9 
■.0 


433 
647 






16 


785 
264 






4 
6 


436 
643 
664 




2'. 
3. 


33 
34 


861 
076 
390 






17 
19 
20 


743 
331 
699 




v. 


9 
11 


763 
873 
981 
090 


3. 


2! 


35 
36 

1 
3 


506 
719 
267 
535 




h 


33 
23 
36 
39 


178 
656 
613 
570 






13 
13 


199 
308 






3 
5 


803 
069 




3.1 
3. 


33 


537 
485 




■ 


16 


417 
526 
635 






6 


604 
871 


3.S 


3. 


'1 
3 


584 
168 




2. 

a. 

3. 


17 
18 
19 
31 


744 
853 
963 
071 
180 




j;i 


10 
11 
13 


138 
406 
673 
940 






4 
7 
11 


753 
336 
931 
605 
089 








1 


163 




i.i 


10 


475 




'■ 




i3 


673 



WEIGHT Ot FLAT EOLLED IKON, 

Table — ( Continued). 











Ertrfffi 


n 
















iucbr. 




^,. 


Dk.cL.. 










pBind.. 


34 




14 


357 


i.i 


3 


j 34.317 


5.1 ' 


'3.1 


44.356 






15 


841 




2 




019 




S.| 


48 


791 






17 


435 
009 
694 




% 


1 « 

45 

J 49 


830 
623 
425 




i:l 


53 
57 
63 


326 
663 
097 








178 






1 57 


338 




3.t 


66 


633 






33 


763 






028 








9B8 






Sfi 


346 




4 


60 






i'i 


75 


404 






28 


514 






i 64 


632 




i.i 


79 


839 






31 


683 


4.3 




1 4 
i S 


013 




4.3 




376 






34 


851 






036 








710 








019 








039 


5.i 




4 


647 






44 


355 






I i 


053 
066 




i 


9 
13 


394 
940 


4. 




3 


690 
380 
759 






1 i 

32 


079 
093 
105 




1'. 


18 
23 

37 


687 
234 
S81 






10 










118 




1.1 




527 














1 40 






3. 


37 








16 
20 


S97 






1 44 


157 




I:| 


41 
46 


83: 
468 








656 






i 5S 


170 




3.1 


51 










036 






I 56 








55 


761 






30 


415 






} 60 


197 




3!i 


6(] 


408 






33 


795 






64 


210 




3.1 


65 


055 






37 


174 






68 

73 


323 




3-1 


69 


701 






40 












4. 


74 


348 






43 


J33 


5. 




4 


234 




4-J 


78 


995 






47 


313 








419 




4. J 




642 






50 








IS 


673 










4.J 






795 
591 






i - 


897 
123 




5^ 


02 
97 


583 








181 






f 25 




5.5 




4 


858 




iO 


773 






1 39 


570 






9 


716 






14 


364 






^^ 


795 






14 


574 






17 


953 








019 






19 


432 




31 


544 






i 42 


343 




lij 


24 


390 






35 








i 46 






1.1 




148 






38 


r35 












1.1 


34 


006 






33 


316 






i 54 


916 








864 






39 


907 
497 






1 59 
1 63 


140 
365 




h 


43 
48 


733 
580 






43 


088 






67 


589 




2.i 


63 


437 






46 


679 






71 


813 




3. 


58 


296 






50 


269 






76 


038 




3.1 




154 








SGO 






80 






3.1 




012 






57 


460 


5.i 




4 


436 




3.3 


72 


870 


i.i 






803 








871 








738 






7 


604 






13 


307 






83 


686 








406 








743 








443 






15 


308 






i 22 


178 




i-i 
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CAST IRON. 

duel the ^Ui pQil ; or eay. 

Ab 4ec.fi5 . 430.35 : : tlio weight In Uib table : to the nelglit required. Tli 

What is the ivefsht of a piece of cast iron 4X3JX13 inches ! 

{a table, pace 230, the weishtDfn piece of wroi^hl Iton of these dimsnsi 

«931b9. 

Then 4es.63 : 450A'i : : 50.S0S : 46.93 Jbs. 

ojind the Weight of a piece o/Oast w Wbought Iron q, 
size or shape. 

cubic Inches in Ilie piece, mulllply by the weiehl of a cubic inch, ai 



weight of a bloek of tnoughl lion 10 inches 
10X10X13 = 1500 cubic inches. 
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WXIGIIT OF CAST IRON PIPES. 

Table— (Continued). 
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STBEMGTH AND STIFFNESS OI 
Cast Iron being I. 
Wronght iron 
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) WEIGHT OF COPPER RODS AND PIPES. 

WEIGHT OF COPPER RODS OR BOLTS, 

From i 10 i Inches in DiamiUr, 
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WEIGHT OF RIVETED COPPER PIPES, 

From 5 le 30 Inches in Diameter, from 3 lo f^lhs thick, 
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The weights of the rtvcl 



COPPER. 
aiTi the Weight of Copper, 



S foe J on incli, 
laaox 32113=41.111 pounds. 
Buzns's SsBCTS. 30X60 Inches, und {torn 13 to 100 Ibi. per square tK 
Sbeuhiho Copfbiu 14X4S inches, ani fixim 14 la 34 oz, pet squin fool 



LEAD. 

the Weight of Lead. 



-Find by ealculalion Ihe number of cgbic iiitlieB in the pki 
m by .4101&, nnd Ihe inoducl mUL be Ihe vtelgbi in pounds. 
:E.— WhU is Ibe weight of a louden pipe 13 f^et lone, 33 in 

IK Mcnenraiim of Swfatei, ie aecertain tie arex itf cyliad 
Area of <31+1+1) = SS.967 
■' " 3} = 11.044 

Difibrence, 14.^3, ot areo of ting. 

2148.912 X -4 1015 = 831.376 pount 



BRASS. 

the WeigJd of ordinary Brass Castings. 

ibet of cubic iDches in the piece, mulliply by ,31!a, ani 
;hl in pounds. 

Y8 
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CABLES AND ANCHORS. 



CABLES AND ANCHORS. 
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To ascertam the Slretiglh of Cables. 

.. . inchta by 120, and ihe product Jb 



the Weight of Manilla Ropes and Hawsers, 
of a fml'i "iTgm™"* n no ea y . , Oil e pro uc » 



Tabi.r showiJtg lohal Weight a Hemp Bope teili bear with Safely. 
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To ascertain the Strength of Ropes. 
squate of IhB cmmmfcrenie id Inches by 300, a 



the Weight of Calle-laid Ropes. 
circumference in inches by .036, and the product 



To ascertain the Weight of Tarred Ropes and Cables. 

MulSply the square of ths idicuinfeteiice by iU3, ond divide by 9 ; the produn 
ii the welfht of u fathom \n paaaAa. 
Or. innltiply ths squnre of the laicumference by M, and iha prodiici U Ihfl 



WIRE EOPE. 





COMPARATIVE 
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IVoUs. 
A squarcinchofhempllbtes will support a weight of BSCIO lbs, 

I!ce it should not be subjected le more than hair this slr^n. ItslreLclieB fn 
f , and IIS diantelet Is dlmlnlehed from 1 to ^ belbni bieaklDg. 
A difference In the quEilllyofheinp may produce BtHBetence of Jin (be H 



ulitbatofhe 



G(H)«^ Ic 



I AND SHELLS. 



PILING OF BALLS AND SHELLS. 

To find the Number of Balls m a Triangular Pile. 
HutE. — Multiply continually together the number of balls in one 
side of tbe bottom tow, anil that namber increased by 1 ; also, the 
same number increased by 2 ; ^ of the product will he the answer. 

EiAMPLE. — What is the number of balls in a pile, each side of the 
base containing 30 balls 1 

30x31X33-7-6 = 4980, X?i5. 

To find the Number of Balls in a Square Pile, 

Rule.— Multiply continually together the number in one side oi 

the bottom course, that number increased by 1, and double the same 

number increased by 1 ; ^ of the product will be the answer. 

Example, — How many balls are there in a pile of 30 rows ' 

30 X31 x61-e-6 = B455, Am. 

To find the Nvmier of Balls in an Oblong Pile. 
Rule.— From 3 times the number in the length of the base row 
subtract one less than the breadth of the same ; multiply the re- 
mainder by the same breadth, and the product by one more thaaihe 
same, and divide by 6. 

EiAMPLE. — Required the number of balls in an oblong pile, Uie 
numbers in the base raw being 16 and 7 1 

16X3— 7~ix7xV+T-^a = 393, Ans. 

To find the Number of Balls in an Incomplete Pile. 

HuLE.— From the number in the pile, considered as complete, 

subtract the number conceived to be in the upper pile which is want- 



.Google 



) DIWEKSIOKS < 



WEIGHT AND DIMENSIONS OF BALLS ANi3 
SHELLS. 



also, in the tables, pages 

To find the Weight of an Iran Ball from its Diamet&r. 

An iron ball of 4 inches diameter weighs S,736 lbs. Therefore, 

^ of the cube of the diameter is the weight, for the weight of 

spheres is as the cnbes of the diameters. 

EiAUPtE —What is the weight of a ball 10 inches in diameter' 

'—■ of !0' = 139.6 lbs., An3. 

To find the Diameter from the Weight. 
EsiWPi.E, — What is the diameter of an iron bail, its weight being 
M3.5 lbs. 1 

\/^ X 99.5 = 9 inches, Ans. 
Or, multiply the cube of the diameter in inches by .13flS, and the 
siim is the weight. And divide the weight in pounds by .1366, and 
the cube root of the product is the diameter. 



To find the WeigM of a Leaden Ball. 
A leaden ball of 4 inches diameter weighs 13,744 lbs. Therefore, 
^^ of the cube of the diameter, 

EssMPLE, — What is the weight of a leaden ball 10 inches in di- 

i^' of 10' = 214,7 lbs,. Am. 

Inversely, ^^^ X weight := diameter. 

Or, multiply the cube of the diameter in inches by ,2147, and the 

aum is the weight. And divide the weight in pounds by .3147, anti 

the cube root of the prodnct if ' 



To find the Weight of a Cast Iron 8ke!L 
Multiply the difference of the cubes of the exterior ai 
diameter in inches by .1365. 

Example, — What is the weight of a shell having 10 and 
■la for its diameters? 

10'— 8.5'X.1366 = 53.6lbs„ Ans. 



MEASURING OF TIMBER. 



To measare Round Timber. 
Multiply the length in inches l)j the square of i Ihe mean girth 
in inches, and the product, divided by 1729, will give the contcnta 
in cubic feet. 

When Ihelenelh is given tn feel, and lliBEirtl' in iDchtH, flivIdebylM. 



Or, -^^ — h 144, L the length in feet, and C half the sum of the 



LxC . 
16 
circumferences of the two ends in inchGs. 

Or, ascertain the contents by the rules in Mensuration of Solids, 
page 82, and multiply by , 75734. 

EiAMFLE. — The girths of a piece of timber are 31.416 and 02.333 
inches, and its length 50 feet ; required its contents, 
?ll!!±?Bi?^4 = ll.rB.,,«,lU,rS.->;50-H44 = l!1916„. 



■M44 = 48.1316 cubic feet. 



Or, i0=-^20=-r30— 10X.7854Xrq- = 63.632x.75734 — 4B,19ie 
cubic feet, Ans. 

To vteasuTS Square Timber. 

Multiply the length in inches by the breadth in inches, atid the 
product by the depth in feet ; divide by 144,. and the quotient is the 



Multiply the length by the breadth, and the product is the content. 

Note.— Tbia rule only upplies wlien all the dlmenidons ate In feet. When elibei 
IhB length or biendlh nre Biven in incltoa, divide their pniduel by 12 ; and wliea 
all tlie ^Imen^enB ere in india, divide it by 144. 

Pin^ spaTS, from 10 to 4^ inches in diameter inclusive, and spruce 
spars,, are to be ttieasurcd by taking the diameter, clear of bark, at 
i of their length from the large end. 

Spars are usually purchased by the inch diameter ; all under 4 
inches are considered pofcs. 

Spruce spars of 7 inches and less should have B feet in length for 
every inch diameter. Tliose above 7 inches should have 4 ieet in 
length fi>r evpry inch diameter. 
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DISPLAOEMEWT OF VESSELS. 
To ascertain the Displacement of a Vessel. 
Rui.E. — Multiply the moan of tho lengtlis of the keel and between 
the perpendiculars, by the area of the immersed midshL[> section in 
square feet, and divide this product, if for a Ship of the Li™ or a 
fall-built Merchnnlman, bj 43 ; if for a Frigale or an ordinary Mir- 
ehaniman, by 43 ; if for a Sloop or a Noval Steamer, by from 44 to 
47 ; if for a Merchant Sea Steamer, by from 45 to BO ; and if for a 
Siver Steamer, by from 48 to 56. 

Example.— The lengths of a 1st class Sea Steamer, now (1847- 
constructing at the Navy Yard, Gosporl, are as follows ; 

Belween the perpendiculars .... 250 feel 

Letigth of keel S36 feet 

Aiul the area of the midship section below the load-line is 66( 
square feet ; what should be the displaeemeni by the above rulet 
250-1-336-^3 = 343. 
Then ' ^^^■^^° = 3547+ ions 
44.5 ' 

Jfole.— The exact dispIocemenD Is 3535 toBB. 



To ascertain the Bottom and Side Surface of a Vessel. 
Rule. — Multiply the length of the enrve of the midship section, 
lakeu from the lop of the upper or spar deck beams on one side, to 
the same point on the other (omitting the width of the keel), by the 
mean of the lengths of the keel and belween the perpendiculars, 
and take from jt^ to j^ of the product (according to the capacitj 
of the vessel) for the surface required in square feet. 

Etimpie.— The lengths of a 2d class Steamer, now (1847> con- 
structing at the Navy Yard, Brooklyn, are as follows : 

Belween the perpendiculars .... 310 feet 

Length of keel ...... SOI feet 

And the curved surface of the midship section is 76 feet ; what la 
(he surfaced 

2104-301-^2 — 305.5, 
205.5x76x87 

TM ~ 13,587 square feet. 
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MISCELLANEOUS NOTES. 



ON MATERIALS, ETC. 

Wood ia from 7 to 30 times stronger transversely than longitu- 
filially. 

In Bufibn's experiments, i, i, and I being tiie breailtlj, depth, and 
ii^ngth of a piece of oak in inches, the weieht that broke it in pounils 

The ftnriiTicssn/ine/a/sisasfoliowa: Iron, Plalina, Copper, Silver, 
Gold, Tin, I^ad. 
A piece spliced on lo Elrengtlien a beam should be on its conves 

Springs are weakened by use, but recover their strength if laid by. 

A pipe of casl iron 15 inches in diameter and ,75 inches thick will 
eustain a head of water of 600 feet. Oneofoai, 3 inches Ibick, and 
of the same diameter, will sustain a head of 180 feet. 

When the cohesion is tlie same, the thickness varies as the heiglit 
X the diameter. 

When one heam is let in, at an inclination to tlie depth of another, 
so as to bear in the direction of the fibres of the beam that is cut; 
the depth of the cut at right angles to the fibres should not be more 
than ^ofthelengthofthepiece, the fibres of which, by their cohe- 
sion, resist the pressure. 

Metals have five degrees of lustre — splendent, sldning, glisieidng, 
glimmering, and dull. 

Tub Vernier Scale is \^, divided into 10 equaV parts ; so that it 
divides a scale of lOlhs into lOOlhs when the lines meet even in 
the two scales, 

\ laminaus fsmi, lo prodnce a vitnal circle, mual have a veluidiy of 10 teoi In a 
Kcnnd, the diameter nol eicaedLng 15 Inches. 

Tides. The difference in time between high water averages 
ihout 49 minutes each day. 
In Smd^ loi!. the gtedlesl force of a pile-driver will not drive a pile over 15 ftst 

A/ali of y'j of an inch in a mile will produce a current in rivers. 

Melted snoio produces about J of its bulk of water. 
All EDlid bodies become lumimMi al 800 degrees of heat. 
At Ibe depth of 45 Ibet, the teinfcrat^Te of ths eaa-tli la uniform Ihroaghoul \iit 

A SpB-miLccli csedls Si of an Inch !n dluneter consamEs an luch la length in I 



veloclly of 4708 Ifeel per second. „ , [^j 
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For icffi, melt 1 part of Block tin ; and when in a slate of ftttioii, 
aJd a parts of Lead. Resin should be used with tliis solder. 

For Tin, Pewter 4 parts, Tin I, and Bismutli 1 ; melt them to. 
gelher. llesin is also used with, this solder. 

For Iron, tough Brass, with a small quantity of Boras. 

CEMENTS. 

Gl-ac. Powdered chalk added to common glue strengthens it, 

A glue which will resist the action of water is made by boiling ! 
pound of glue in 3 quarts of skimmed milk. 

Soft Cemenl. For steam-boilers, steam- pi pes, &,c. Red oi white 
lead in oil, 4 parts ; Irun borings, 3 to 3 parts. 

Hard Cement. Iron borings and salt water, and a small quantity 
of sal ammoniac with fresh water. 



White-lead, ground in oil 

Boiled oil 

Raw oil 

Spirits turpentine . . . , 
New wood work requires about 1 Ib.ti 



le square yard for 3 coals. 



Lead Colour. 
White-lead, ground in oil, 75 I Litharge 
Lampblack ... 1 Japan varnish . 
Boiled linseed oil . 33 [ Spirits turpentine 
The turpentine and varnish are added as the paint is 
use or transportation. 

Gray, or Slone Colour. 
White-lead, In oil . 7S. I Spirits turpentine 
Boiled oil . . . 9.5 Turkey umber . 
Raw oil . . . 9.5 I Lampblack 
1 square yard of new brick work requires, fur 3 coats 
3 coats, 1,5 lbs. 

Cream Colour. 
White-lead, in oil .... nfi.e' 

Frenchyellow 3.3 

Japan varnish . 1.3 

Raw oil Sfi. 

Spirits turpentine , , S 35 

1 square yard of new brick work requires, for Isl co 
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Lampblack 
Liiharge . 
Japan varnish . 
The yarnisli and 


Bluch Paml {for Iron). 

38 1 Linseed oil, boiled 
1 Spirits turpentine 

turpentine are added last. 


Olive paste 
Boiled oil . 
Spirils tnrpentlni 


Liquid Olive Colour. 
. 6L5 1 Dryings . 
, E9.5 Japan varnish , 
e . 5.5 1 



Paint for Tarpaulins (Olive). 
Liquid olive colour . ' 100 I Spirits turpentine 6 

Beeswax ... 6 \ 

t square yard requires 3 lbs. for 3 coats. 
Dissolve the beeswax in tlie lurpentine, and mix the paint warm. 

Lacker for Iron Ordnance. 
Black-lead, pulveriEed IS I Red-lead ... IS 
Litharge ... h \ Lampblack . 6 

Linseed oil . 66 I 

Boil it gently for about 20 minutes, stirring it constantly during 
that time. 

Lacker far Small Anns, or for Water Proof Paper. 
Beeswax . . . 18. ] Spirits turpentine 80 

Boiled linseed oil . 3.5 | 

Heat the ingredients in a copper or earthen vessel over a gentle 
Are, in a water bath, until they are well mixed. 

Lacker for Bright Iron Work. 
Linseed oil, boiled . SO.S I Ijitharge ... 5,5 
White-lead, ground inoil, 11.25 | Pulverized rosin . 2.75 
Add the litharge to the oil ; let it simmer over a slow fire for 3 

hours : strain it, and add the rosin and white-lead ; keep it gently 

wanned, and stir it until the rosin is dissolved. 



I, ' ^ lie laid on when boiling hot, anU should be lild over with st< 

I of dni([oq'B blood, in Bpirits of mine, mnybc used. 

ag ariallon of nllrio ncld, for wood or Ivoty. 

Brazil, Uadder, and Loewood, dissolved In water and pul on hD 

I] ttirn \lp-lmi then dip It into d solullon of peurlash liomn|[ h< 
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By vieigkl. Spirits of turpentine 

Boiled nut-oil . 
(Tse with a, soft bniab or sponge. 
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The conducting power with similar metals is inversely as tb 
lengths ; and with equal lengths it is proportional to the mass, a 
oot to the surface. 

Increasing the temperature decreases the conducting power. 
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RELATIVE COSTS, PER liOUR, OP VARIOUS METHODS OF 
II.HJMINATION. 

With equal Light. 
Patker'6 hot oil lamp (speim oil) . ... .80S 

Carcel, nieclianieal lamp (sperm oil) . . . 1.280 

Trench, cunimoii lamp {sperm oil) . ... 1.707 

Tallow, raoultl candles . 3.530 

Spermaceti candles 5,3S3 

Wax candles 5-99S 

Wai. The consumption of a wax candle is 135 grains per hour 
in still air ; the intensity of its light is ^th tliat of a Carcel lampL 

Specific gravity 970 

Three in a pound, 1 inch diameter, xl3 inches long. 
Three in a pound, J " " X15 " " 

Six in a ponnd, fiy " " X 9 " " 

An inohof one, 1 inch diameter, will burn forli hours = .0377 lbs. 
Spermaceti. The consiunption of a spermaceti candle is .0346 
lbs, per hour, and its light is -jLth of a Carcel lamp. 

Specific gravity 943 

Three in a pound, y^j- inch diameter, x 15 inches long. 
Pour in a pound, ytr " " Xi3i " " 

Tallow. The consumption of a tallow candle is about .035 lbs. 
pnr hour, the intensity of its light is from tV *" iV "i^t of a Carcel 

Specific gravity 941 

Three in a puunii, 1 inch diameter, xi^i inches long. 
Three in a pound, .fiy " " xl5 " " 

Four in a pound, -,% " " xl3J " " 

C E. and Jl. JDUmol. 



s are performed in the same time as the 
be length of which is equal to the breadtli 
e between two neighbouring cavities or 



lee 3 inches thick will bear infantry. 
" 4 " " cavalry or light guns. 

" 6 " " heavy field-guns, 

" 8 " " 34-pounder guns on sie 
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DiaECTiOKS FOR PREPARING AND FITTING 



Melt 4 pounds of copper; add, hy degrees, 12 pounds best qualit? 
Banca tin, 8 pounds regulus of antimony, and 13 pounds more of tiii, 
wliile the composition is in a melted state. 

After the copper is melted and 4 or 5 pounds of tin have been 
added, the heat should be reduced to a dull red, to prevent oxyda- 
Cion ; then add the remainder of the metftl as above. 

In melting the composition, it is better to keep a small quantity 
ofpowdered charcoal on the surface of the metal. 

The above composition is called hardtning ; for iinino;, take ono 
pound of this hardening, and melt with it 3 pounds Banca tin, Which 
produeea the lining metal for use. Thus the proportions for lining 
meiai are 4 pounds of copper, 8 of regulus of antimony, and 96 of 

The article to be lined, having been east with a recess for the 
lining, is to he nicely fitted to a former, which is made the same 
shape as the bearing. 

Drill a hole in the article for the reception of the metal, say half 
ur three quarters of an inch, according Co the size of it. Coat over 
the part nut to be tinned with a claj wash; wet the part to be 
tinned with alcohol, and sprinkle on it powdered sal ammoniac; 
heat it till a fnme arises from the sal arajnoniac, and then im- 
merse it in melted Banca tin, care being taken not to heat it so that 
it will oxydize. 

After the article is tinned, should Jt have a dark colour, sprinkle 
a littie sal ammoniac on it, which will make it of a bright silver 
colour, and cool it gradually in water; then take the /oruKr, to which 
(lie article tias been titled, and coat it over with a thin clay wash, 
and warm it so that it will he perfectly diy, heat the article until 
the tin begins to melt, lay it on the/ormft-, and pour in the metal, 
which should not he so hot as to oxydize, through the drilled hole, 
giving it a head, so that as it shrinks it will fill up. 

Al^r it is sufficiently cool, remove the /ormcr. 

P.S. — A shorter method may hs adopted inhen the work is light 
enough (0 handle quickli/, vis. ■■ when the aHicle is prepared for tinniiig, 
it may be immersed m the lining melat instead of ike tin, brushed 
lightly in order to remoue the sal aiitmoniae from the surface, placed im- 
mediately ea the former, and lined at ike same heating. 

BOLDERING FLUID FOR SOFT SOLDER. 

To 2 fluid ounces of muriatic at 
bubbles cease to rise. Add half a 
2 fluid ounces of water. 

By the application of this. Iron or Steel n 
being previously lirnied. 

TALt. or RAIN AND SN 



JKGLE3 OF EQUILIBRIUM AT WHICH 

Lime-dust as it falls from a spout . 
Wheat flour as it falls from a spout , 
Malt flour as it f^lls fVom a spout . 
Saw-dust as it falls Trom a spout 
Dry sand as it falls from a spout 
Sand less dry as it falls from a spout 
Wheat com as it fells from a spout . 
Malt com as it falls from a spout 
Common mould as it falls from a spout 
Pease as they iail from a spout 
Coarse gravel hfaps . 
Common gravel 
Large Hints 
Flints, half size 
Flints approaching to sand 
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These dimensions are applicable to the mains which conduct the 
gas to the places where it is to be used. If they send off branches 
for burners, the diameter may be reduced, or the length may be 
grftater. For example, if a pipe of 5.33 inches, which trans ' 
2000 cubic feet through a length of 3000 feet, gives off, in Ibis sj 
1000 cubic feet of gas, tlien tlio same diameter c 
iransmit the gas lliTough a length of 2450 feet. 
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IN THE 

The vino ceases to grow at about 2300 feet above the level of 
the sea; Indian com, at 2800 1 oak, at 3350; walnut, at 3600 ; ash, 
at 4800 ; yellow pine, at 6300 ; and fir, at 6700. 

FeTpeOuil Saow. Under tho equator, at 15,800 feet above the 
level of the sea ; in latitude 45°, at 8400 ; and in latitude 05°, at 
5000. 



LAP-WELDEB IRON BOILER TUBES {PtOSS 
\ble of the Diameter, Thickness, and Weight of Iron BfliUr 3We*. 
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Wrought iron 000059 xp !i + . 13 

Castiron 000163 Xp d-j- -33 

Copper 000107 Xpd4- .10 

Lead 000165 xp li + 'S" 

!• representing the pressure in pounds per Hquaie inoh, and d tha 



Tin to be added to 1 pound of Copper. 



OuDs, large . 

Machinery bearings 
Musical hells 
Gongs, cymbals, &c. 
House bells, small 



Church beils 5 

Speculum metal 7 to S 

Temper metal for adding small quantities of copper, 33 oi 

COPrBB. AND ZINC. 

Till to be added iol poand. 

Copper castings ..... l.iafitol.B 

Giimng metal 1 " l.£ 

Tombac (red brass) s 

Red sheet brass. Pinchbeck and Bath metal 3 to 4 

Bristol brass 6 

Ordinary brass 8 

Mantz's metal for ship fastenings, 1 ,„ , 

sheathing, &c. . , . f '"' 

Soli spelter solder ... 16 



Bearings, Muts, &c. 
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Lcngitudinal CojopTession. 

Results of Experiments upon the Resislimce to Compression of vanoat 

Suiislances of the Dimension of 1 Cubic Inch. 
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City Hall. Now York, 

■■ " ■■ Genernl Post-gfllcp, WsBbington, D. C. 

" " NaUonsl Woahingtcn Mopuinent 

Resistance of Stones, SfC; to the Effects of Freezing, 



Conduclivg and Cooling Powers 
Absorption of Moisture of nariims Building Materials, 
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Practical Deductions frirm, above and pTeoiously-givert Results. 

Asplmltum is the best cmtiposiliirH for resisting moisture, and, be- 
ing a slow conductor of lieat, it is best adapted where economy of 
heat and dryness are required. 

Slaie is a very dry material, but, from its quick conducting power, 
it is ill adapted for the retention of heat. 

Cenunts. Plaster of Paris atid Woods are well adapted for the 
liningofvooms, being the warmest substances, while Hair and lime, 
liei[^ a qviiclc conductor, is one ofthe coldest compositions. 

Fire-brick absorbs much heat, and is therefore well adapted for 
the iining of fire-places, fornaees, &c. ; while, on the contrary, Iron, 
being a high eondnctor of heat, is one of the worst of substances 
for this purpose. 

Comnwn hick is not a very slow conductor of heat, it is 1 .S times 
higher in the scale than oak-wood, and about 5',*** 'ower tluin fire- 

Hard marble absorbs more moisture tliail soft. 
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Use of the forcgoi ig — m ocala 

llie decimal express mbe m i 

IS tlie denominator of a fraition. 

Thus : ,033333 is the decimal expression for i- Hence ft 
It would be .033333 X 7 =r ,333331, 



To find the Mean Pressate of Steam, ot 
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Rdlb. — Divide the length of the stroke, added to the clearance in 
the cylinder at one end, by the length of the stroke at which the 
sleani is cat off', added to the clearance,' and the quotient wJU ex- 
press the relative expansion it undergoes. 

Find in the following Cable, in the column of expansion, a number 
corresponding to this : take out the multiplier opposite to it, and 
multiply it inio the full pressure of the steam per square inch as it 
enWrs the cjlinder.f 
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E I AMPLE.— Suppose the steam to enter the cylinder at a pressure 
of 34.7 ibs. per square inch, and" to be cut off at i the length of the 
stroke of the piston. The stroke being 10 feet, 

10 feet = ISO inches + .5 for clearance = 130.5, 
stroke i=: 30 inches + .5 " =; 30.5. 

Then 130..'>-h30.5 ^ 3.95, the relative expansion, which falls be- 
tween 3.9 and 4. Eeferring to the table, the multiplier for 3.9 is 
.605, and the difference between that and the muitiplier for 4 is 
.008, Hence, multiplying .008 hy ,6, and subtracting the produol 
,004 from .605, the remauider, .601, is the multiplier for 3.95i 
Therefore, .601 X34.7 lbs, =30,865 lbs, per square inch, the mean 
effective pressure of the piston required. 



MAIliNE EWGINGS. 



MARINE ENGINES. 



"MissooHi." Length helmeen pervendicaiars, WO feet ; beam, Mfeel; 
d^th of hold, 23.6 feel; wUh a displacement 0/S8OO tons, lU a draught 
ef water of 18.3 feet. 

Immersed Section, 550 sq-aarc Feel. 
Ogliitdiri. TUTO, each of 215 cuMc feel In copacilj. 
OaiBiuteri. 75 cubic feel in encH, Jiir Pumps. 50 cubic fett in each. 

neler by 11 



^15 (divided t 


.olhin, 
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andleni 
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llBinob 


ea. 






Shafts [W: 


'BugUi 
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=e"'^sl', 
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10 foci in lenglh, Inclu- 
iom. 1770 cnbie feel. 
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;c,101 


.bs. per 


square Jno: 


h,cmpff 


ali. 


.f Ihe slrok 


ooflhepis. 




.. Pmi 
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1008 of bill! 
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iOiUperday. 




Weigktt. 
.iiicer's aioK 


iS 


!, Boilers, Ws 
i,4c&=..49 


iler Wheels, Waier 


in bo 
vis.: 


ilera,Coall 


iiinken, Ed- 


S?Si"; 


'otos'^ 


pipe 




ions. 1 W.lerwh. 
1 " Bnelneers' 


«ls 


,,'lools,*«i: 


33 " 


Hull, i 




Oaki 


indcpp 


perfiiBWne 




oUing 


; weiglil, 12 


8010ns. 


mg. Full' 


barquB. 

















srod giuia on plToCe, and eigbt S-inch chambered 
s levers, wilh equal capacJIy of cyltndeTS, iJie 



" PowHjTJN." Inclined Enqines. Ijcnglh between perpendiculars, 
350 /ee(! beam, 4B/ec(; depth of hdi, 26.5 feet; with a displace-, 
ment of 3600 tons, at a. draught of water of 18.5 feel. 
Immersed Section, 663 square Feet. 

Stinitii-s. Two, of 70 inches in diameter by 10 feet atroio of piston i capaci^ 
lion epseo, 5.14.5 cubic feet 

Omiinsa-s. 95 aubie feet Id each. 

Feed Pumps. B uicbes In diameUr — 1.3 cubic feet in eacb. 
tVaier (fiiaJs. Biemeter, 31 feel ; breadth of bncketa, 1 feet ; deptb of ditto, 
SCinebeB. .4rins, 33 in each wbeel. Z>lp<i/wAeel9 at load-line (IS^ foci), 5Ji leet. 
A AS 



oline Sur/acc 8500 equsre feeC. ditltei. 351 Bqu»re feet i 
eobio ftet Oma .IrM o/to»B- Fluis. 76,7 sipiare feet 
Die Pipe. 63.6 squore ieet in area, HTid 6j feci in he^ht above tht 
csswe of Smui. 10 llw, per square fnch, out off st one half of Ih 



Slip qftffhsdB. 1&A5 per cent- 

Hnu. Launching draught, 10.6-2 feet; dienlacement, ISSStoni. Ad 

U;uiee at 17 feet 3 ioehee sod ac 19 feet 5 ioeliea are respeeUvd; IB^ sn 

Aarfse Disp/acimml pfr Inch. From 18 lo 19 feet draught 23.09 tt>i 



Engines lind frames, flooring, &o.,c<jitip!ela 491,asalba. 

BoQera (copper and braaj) 334,977 " 

llrun, lead. &c.), in appunenoooeB iaa455 " 

Coal buakurB, deck plates, &c 117,3SJ ■' 

Extra pieces '.'.'..'. '....'.'.. 5i;,135 " 

HoiBthi ensme and boiler 4,569 ■' 

ToUd l.aoe,30J lbs. 

nada b j Ihe pound), 56.532, Tumhig. boring, and pianiss, 773.141 aquare inchee. 



"Nik" and " Salimander." Osck.latinu Engisbs. Iron Hollb. 
Letigth OH deck, 186 feel; learn. 36 feet; deptk of hold, 11 feel 6 
inches ; draught of water at ioadriine, 6 feel 9 incka: 

Immersed Seclioa, 168 sjitare Feel. 
Ct/iinders. 48 iaehea in diameter i strolEe of piston, 4.3 feet 



iandjlhsthiek. 
Amameul. Four 68-pounder pivot guns, and two medium 3a-pounders 



1,,. Google 



MARINE ENGINES. 



NAVAL STEAMERS WITH SCREW PEOPELLEHS. 

{Ericsson). 
"Princeton." Seuhhlwdhical Enoines. Length ielween pa- 
pendictdaTS, 15B.6 /ee(; beam, 30.5/eef; hold, 21.5 /eei; tannage, 
973.5SJ, with a dispiacemeiu of 1040 tons. 

Immersed Seclion at loadrline, 338 square Feet. 

Cylmitri. TWD-eachofMcuWcfeetincflpatlly. Praata-e. S5 Its. per square 
Inch, culoifsli uflhe tlroke. 



WtigUs. Ensines 
Hull. Of WhilQ < 
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MEKCHANT STEAMERS, WITH SIDE WHEELS. 

HEW YORK AND LIVERPOOL, ColUns's Line. 

"Ahctig." Side-lbteb Encines. LiTigth between perpendicKlari, 
280/eel; beam, 46/«(; depth, of hold, 2i feet ; depth of hold, to spw 
deck, 33 fset ; with a displacement of 3724 terns, at a draughl of water 
of 19 feet. 



-.0. Sei.ia cubic feot 



Healing Siaface. 19.4S4 square feet OraUs. 5S7.8 square feet. 
4350 oubre feet Croat Aim of FUsa. 179 square feet. 
Smoke Pipe. 76.5 square feet in area, and 75 feet in ieight above Ui 

[hepialoQ. 
Jnera^e Revolfitions- 14.7 pev miniiLe- 

fW2. Bilumiaous coal, wiUi a natural draught, 7640 Ibg. per hour. 
Average ^peii. 1^.3 kuets per hoar for aa entire paasAge. 
Sl^ of Wheels. Average of 11 daja, 18 per cent 
ITidghi of mn 1380 tons. 
Displacement per Inch. At 19 ffiet draughl, aa tons 1 at 17-6 fed, 30 
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"North Star." Vertical beak Enqihrs. Length on deck, 369.6 
feci ! breadth of beam, 38 fett ; depth of hold, 32 feel ; depth of iold 
lo spar deck, 39,5 /eei; di-aught oftnater at laad-lme, lifeet. 

Immersed Section, 496.5 square Feet. 
OfUnders. Two, of 60 inches in diameter, with a. stroke of pisaai at 10 feet. 

inohea"^ Armi'' 38 in sacli wheol. Dip If aiAnJi at load-iiiio, 7.TS ftot. 
-op-flued, with one Hei 
Ufeet; bcjght,ia5fe 

Healmg ,5iirftM. 4892 BqUBrH feet. O™-.. 366 square feet Cross Area aj 
Fiiiss. 31.5 square teot. 
Snols Pijm Two, Qf 5 foct in dimneter and 55 fee! in lieight above li.e grati 

PreaRUrs of ^nam. .20 lbs, per Bqnore inch, cut aif at cue half the atrokeaf t^ 

Fnel AnQiracite coal, with a natural draught. 
Oaal Bunkert. Capaci^ of 600 tcsB. 

LuKxcking BrasgU. En^es, boileta, &&, all on boanl, 9 feet 6 inches. 
mg. Brigantine. 
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KAlllNE ENGINES. 



" EujUNE." Oscillating ENOiNES. PEse'E, &. O. S. Nn'. Co. 

Lenglh an deck, £22.7 feel ; breadth of beam, 39.4 feet ; depth ef Md, 

18.5 feet; length of e«gme roma, ti feet; length of qaarler deck, m.3 

feel, deplh, Sfeet; draaght of water at load-line, 9.25 feet. 
Immersed Section, 353 square Feel. 

Tbmuige of Hull. 1096 tons. QnaMer did, SB. Teiat. Illi4. Canlsali of So- 
glni Rmm, 435. RegiiUr. V^S.j'jVlf 

Cyiinien. liiiaebeBindiBiaeUx; stroke orpiston, Tfeet; least tbicknen, 1.5 
Inches. OpenlTigi, 3 b; 33 Incbee. SiiiMug hiias, 39 incbeg ia depth, 

Onlinia- TrHiminKa. 35.5 inches in di»mettr, and 9 tnchcB in lengtli. Tiict- 
wm !(/' JtfeMi, 3,5 incJios. Packing, aS inches in depth when screwed down. 

widtiL Btickiu, ST 



Slu0.. Jour 


nnis, 13x 


aiinehea, 


indlOSXiainolr 


CVmi Pm». 


■ 9,35X16 


.375 inchei 




Orani,. Hnl 


J, 35.75X- 


L6inehea. 


Eje, 18.ixl3.i 



: lenrth, o 
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MARINi: ENGINES. 



CftEW PROPELLERS. 
Bkitieh and N- a. R. Maii, Steah-s 



" Andes" and " Alps." Beam Enoines. Length on deck, 336.6 /««; 
hreadlh of beam, 34 feet I inch ; depth of bald, 24 feel ; draught n/ 
waicr- at toad-lint:, 16.75 /eei. 

Immersed Section, 530 square Feet. 

Cylinderi. Two, of 68 inches in diameter, wlih a stroke of pfston of 4JS lect 

Soiter,. Two tvbulsr; lenglfa, 15.5 feel; breedtb, 9.5 feet; betcht, 14 feat 

ri(6rs, 832 of 3.25 inches in diameter by 6.5 feet in longtb. Funwcei, twelye, 6.75 

feet in lenglb. 



alBmksri. CEpadty of 40O [oin. 

■Li. Trama, double nneled iron, 525X1X3 Inches; diatonce apart from 

68, IS inches. Kal. 9X3 iochea. Plaa. J to Jtbs of nn inch in Ihickneea. 

^d ac ends ; clinober built at edgoe, and double riveted. 

Dflt. }Ihe of sn Inch in diameter, snd 3.5 iaehos npett 
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28S RIVER BNGIHES. 

RIVER ENGINES. 

With Side Wheels. 

"NiiGiBi." CoNDENEiKa. FoT 133 sqjiars Feet of Immersed Seclimu 

Length of vessel, 365 feet; beam, 23 feel 6 inches; depth of hold, 9 

feet 3 inekes ; drmghl (loaded), iftet 9 inches. 

Cpliitdsr. 216 cubic feet in capmdty. Omdenaer. 88 cubic ftel. Air Pumr, 

Ferce Pumps. 5J inciiea diamcler by 4J ftet sltoke. 

BstTcri Tm>, of STfeelin IcDglliM' lOfeetfront Shell. 8 feet ^x iQches bl 
dtameter Jiim BHii Flue Siaface. SMO ajliaro feet firaies, lOS squate feet 

Slowsri Two, ofBfeellmiLiiiceler. Fum. Teu, of 34 inches by 3 feet face. 
Blaiamg Engines. Two, of 10 inclies dlamelet of cylinder by 12 biebea sLroke. 

BoKinas 186,001) Iba. 

Boilers 05.000 || 

Total .... SSfliMKIlbs. 

" South Amebic*." Cundknsing. For 133 square Feel of Immersed 

Section. 
Length of vessel, 3S0 feel ; team, 27 feel ; depth of hold. S feet ; 
draught {loaded), 5 feet. 
(SfiiWsT-. 17S cubic feet In capoiaiy. .Sb- Pmap. 3B.5 cubic feel. 
Cmdenser. TZcublcfteet. Fime Patapt. S Inchca diamelcr by 4 feet atrohe. 
Fnssuri. 33 to « Iba. i>er square inch, cut off M i llifl BtrolM of Uie piElon. 
RBvalxtiane. S3.5 10 34 per minute. 

Bucket!. Two divlsiona, anl 30 Incties deep. £>ip [at load-liac). aOtncbee. 

Shufla ( Wmuffht froB). Diomeler of jnurnal, 13 incliBs. 

Beilirs. Two, ST feel in lengtti by 9.S in wilLb. Fire and Hue snrfnce, 30ac 
muare feet. SAell. 8 feet in diameter. Gralti. !D0 aquaie feel. Steam So™. 
lAOO oubie feol. 

CkmnaupCiim of Fuel. SOOOlbi of anthracite coal per hour (niniimum). 

BSntera. Four, 4 feel diameter by SS inches dice. 4 ornti. Fans. 13 incite' 

Bbmi-ag Enginis. Cylinfier, 8 hichea [n dlsinelef bj !3 inches stroke. 
Weight of Beileri. 63,000 Iba. 

Foundry, NeV-^^d^k.^ "" 



RIVER ENGIKES. 
CoNBENSina. For 160 square Feet of Imiaeraed Seetion. 



!hiU. gj; feel In disDisUr. Surfaa. 3660 eq 

width Ten/onslneaoii.ofaBiMhIi 
tWf. 3001) lbs. of anlhiacila coul per boui . 

■■Clifton." Vertical bean Endines. Cohdensino. Length m 
(fcei, 180 feel; beam, 29 feel; depth of holi, S.lbfeet; draught of 
water at load-line, 3 feet. 

Immersed Seclioa, 75 square Feel, 
(^llnder. (0 inches in diameter, wiOmatroke of piston of 8 feet 
Air Punijj. M3 inches in diameter, with aslrolse ofpisWaof Sfeet Tinchos. 
CoHiJenjtr. iO inches in diameter by 4 Ifeet in iiejgtt 

Water JThKli. SO feet in diameter by 7 feet in width : buckets, SO iichei In 
depth. ^™s. 38 in number, 7X3,5 ine&es. 
Dtp sf Wheel. Sainchea. 

BoiUr. One, drop.flued, 11 feet in width, 2d feet In length, and S.75 feet la di- 
ameter of BheU, back of the Inrnneoa i atenm chimney, 9i^feet hisk, Qnaa. 7 
feet in length, Laving an area of 69 square feet 
Wroms. Moulded, IS Inches ; elded, 4 Inches, snd S4 inches apart from ceutng. 
£«/. 4inehe9deep. 
abuing Ssrfsca. 1317 square 1^1 ; upper flues, 5 of 16.5 Inchaa in diameter. 
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"Obprby," Steeple Enbine. Length on deck, 196.6 feet; iesan, 
18.5 /ee«( deplk of hold, S.S feel i draught of water {light) ifeet 7 

Immersed Section at light draught, 80,5 square Feci. 
Cylindef. 54 tochea in diomEter. wllh a sCrakc of jnalon of 4 feet i Inches. 
Air Piwg). 34 inolieB in diameter, wllli a atroko of piatgn of 4 feel 4 inches. 
JmerWheds. ie.5fe6tiadianiolerbj6feet7 1ncheBln widlb. Arms. 17 in 
munbor, Buckela. 15 loches deep. 
Boilera. Twotubnlar; length, 8 feet 3 inches r breadtii,llleet31nches; dspfli, 

Funaca. Sis, 3 feet in wlillJi ; 6.5 feet in length ; and 3 feel in depth. Tabii. 
351 of 3 iochea in diameter b; 6 feet in lenglh. 
Smoks Pipes. Two, of 3 feot S icchea in diameter and 31 feet in height sbore 



HniL. Framis. aSxaSXilha of el 
Plaui. -^g to Y^jlhs thick. Clincher hi 
JjmneAing Pravghl. 3 feet ij (nchei 
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BIVEK EKGINES. 'iyi 

NON-OONDENSING. 
■'Buckeye Stste." Hoeiiontal Enoinks. Length of vesiel, 860 
fest ; beam, 39/eEi 4 inches; depth of hold, 7 feet 6 inches ; dtavghl 
{light), 3 feet 6 inches ; loaded, 4 feet. 

Immersed Section, 116 square Feel. 
Oylinderc. Two, of 23.5 ioobos in diameWr by a feet slroke of piatun. 
WaliT Wheel'. 31 feel 8 Inches in diameter by 13 feel in width. Biisk^s. (SO) 

BoilerB. 5 of 43 inches in dlametei Rtid 30 foot in lenglb, with two flues iu 
iiaeh, Ifi inches in diameter. 

length; ,08 inch 



snti deck pknk, 1 

Frelgkt. loa tons nl this drnusht of wnter, 

NOTES—Areas of inimetBed section of hull d light dioughl (103.7 aqua™ feet) 
nnd of cross buc^t aui&ce, are ne 1 to 1.71. Areas of grate andliroflue aur&ce 



IT feel! offluoa,16.7fci 



For 300 square Feet of Imtnersed Section, 
'eisel 360 feel in length, 38 feet beam, and S feet draught when loaded. 



. Farce PKtygis. ^ inches 



les In dlBjnetEt by 11) feet suolie of jrislon ISK^ 
Idles in diameter hy 3S inches slrolie. 



length. Pistm Hod. Dan 






SrEtiN Wheei,. Horizontal Enoinbs. Length on deck, 110 feel; 

beam, li feet (deck projecting oner, 4/eeOi ^th of hold, 3,5 feel, 

draugkl of water at load-Une, 13 iticJies. 

Immersed Seetioti, 10.35 square Feel. 

dfiinders. Tmi, of 10 incliss in diameter, with a stroke of pialon of 3 feet. 

Wain- Wheel3. 13 feet iq dlaiueCer iy SS feet in width. Buckets. 13 in num 
ber, and 8 inches ia cEcpt^ 

Raiihuiima. 33 per Dumilc. 

BoOtr. One tnbular, 100 S^incb Cubes. 

Fuel. 4480 lbs, in 24 hoora. 
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IRON VESSELS. 29U 

STEAM VESSELS ("Marine J. 

"Great Britain. " Displacement at 18 Feel draught, 3000 Tont. 
Length of ted, Z8B feet ; heam, 51 feel; depth of hold, 22 feet H i-nchea 

Plata. |, fj, I, and | Ihick. 

Framn. IS nnd 24 inthea apari. -^ Ihlck, by 3.5X6 inches; bjiSxa Inchis. 
anil by 3X* Inches, j.. 

WitoiiT QF HoLt (m iran). low Ions. 
"MicHiQiM." Duplacemcnt at 8 Fset 8 Inches draught, 65S Tons. 



\ thick, by 4X4.5 inthes, X ; and ^ and |, by 



Ttai9 Feet 3 Inches, 410 Tom 



^, nnii Jofanlncli. 

1 ohes apan | Ihtck by ! 5X4 5 inches, L 
\ b)" 87X5 5 inches L 



rs froiQ k«fl1 logLuiwale, dLRiiniBhioff upward tntm j to 
midships, and tS Inshes fwwsM nnd aft. ^V^^-^* 
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Ship {Clipper). (English.) 

length of poop 
. SOOO loiiE by nwasurement, or HOO touB by iviilght 

. Sxaxithsofan inch, andlSlnehcB apart from aiiilrea. 



Tomo^e. Engllsli, JVeiB Rsgister, 333.jif"j ions. 

nraft <if inaUT. iminciinf, forwarf,4 feet OincheB; aft,5feelSiinchea; laJil- 
Clinchar built and acAoonef rj'ggeiL 

CANAL BOAT {very full buiU). 

[jenglh belieeen perpendiculars, SOfesl ; beaut, 14 feel ; deplh nf hoU. 
Plalfi. N'o!. 3 and 4. wire Bauge. 
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K-VESSBLS, ENGINES, ETC. 
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SU&AR -MILLS. 



SUGAR MILL. 

For Expressing 20,000 lbs. of Cane Ju 'ce per Day. 





^fo 


N-CONDENSmo EN. 


GIME. 




a, d 


Inches in ^ 


linineIelby4feeleuoke. 






p« 


bB. pec Equue inch, cm offal J Uio 


Blrote of Ihe pislon 


R t^ 


3B per miD 


ule. 






flueT "g « 


62 inches I 
JBajuare 


ndiamelerbySOfeetIn 


length, 1 


viiha !8i 


RMS. T«o 
SJ»38of«ng1i 


ie,syinga> 


h. of ai Ln.ches In dlaniet 
ipeed of periphery of ISi. 


HtySf 


^liii^Ieiigi 


FlyWh^a. 


IS feet India 


,mcte;wei5HSWn«. 






aSbidinEiiiore 
by". 


nwntofase 


run increased aurfeceof] 
Juice to nin off; an Incre 


S 


jUng 'their 1 


Fbt 


a Crop of 


3000 taxes of Sugar of 500 Ibi. each. 




TJ.SZ 

Is, M inches 


} Willi a cylinder of il Inches li 


1 (lianielec 


BoiJtr. 53 li 


ichesbya4 feel,-KiIh3 16 inch lem. 


" «"'»■ 


""■'• •" 


FtyWhtd- 1 


,6fe6tdl™i. 


iler; weight, 4 ions. 
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SAW-MILL. 

NON-CONDENSINO ENGINE. 
7W Vertical Saios ofM inches Stroke. Lathes, dfC. 
dir. 10 inches In dlonieler by A feel slrohe. 
urs. 90 to 100 111!, per square inch, fiill stroke. Revslatlom. 

T3. 3, pLidn cjlindriooJ, 30 inclieB in iliameler liy W feel in length. 
[.—This opglne has tui, of yellow pine, 30 feet hy 18 lnche« in one 
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COTTON FACT OH Y, 



COTTON FACTORY. 



rsiNa ENGiNi; (British). Driving 32,060 Hand-mule SpindUt, 

with preparation, S60 hoomsy anil common Sixing. 
!. Cylinder, 37j inches diameter by T !ee\ slroke ; indicated ^esiuic 



l':tc(u<^iv'e or preparsUon, IsUngunly Die spindle: 

1 thraalle sidndle ^ 3J hand-mule, 01 3| itelf-acling Epindles. 
1 stlf-acBng aiandie =1! iiand-mule spindles. 

siiindlea revolve 4000 per mlnule. Tha aelf-acling rouiee are, one half epinni 

ivrlsl. Weft spindles 4T0tt, and twlM aplnriloa 5000 rerJutionB per minute. 
AverMebfeadihoflooitiB37 in. ("eavlne37in.clolli), making 133 ^cks perm 

No power consumed by the eiring. When the yarn is dressed instead of siied,f 
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C0TT0N-FKES8. 



COTTON-PRESS. 




NoN-coNDENaisa E«aisE- Fur 1000 Baks in 


. 13 K0H« 


Jj/IMer. 14 inches ifi rtlninelot by 4 feel atrokc. 
FVeinuT. 401118. per iqmore inch, at foJlattuSe. Recal^tii 
Gotferi. S. plain cyllndflffil, wlltout flues, 30 inches In di 


amctcr by i 


pMSjf ». 4, geared 6 to 1. with 2 BCrewe each af 7i inehes ; 


In dlumelei 


Mo/I (Wra»,fftt iwi}. Jira'nal, 84 Inches. 
F;y OTf*/. 16 fact ih dlBiaeler ; welghl, 4 Ions. 
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BLOWING- OR. BLAST ENGINES. 

Dimensions of a Furnace, Engines, ^. 

At Lonakoning (Mil,). 



Engint (Jfon-can, 



Ic feet per minute, requiriny 



,6.33 inches In ereiy toot 
es, length of slrolie S feet 



(9 inch, the quanlilj of blasl is 3770 



AcMounl Savage (Md.). 



ned, Ctrata. 138 sq 



. W Ua. pec Equate inch, cul olf at ^ ol 
a feel In length, wilh 1 SS inch flue ii 



ies,orith=tofmeovl)ii( 



rs G cf 30 inches In diamt 



jlrca'/fPtpis. 



. The temperDIiire of the blast la 



STEAM DREBCilKG 



STEAM DREDGING MAUHINE 



iKSiNO ENGINE. For Dredging 30 Jeel 
Six full Buckets per MinuU 


Inm Waley-h^ 


n Inches ID diameler by 5 feet slrake of plslini 




60 m VO lbs. per square inch, full alreke KbmJ 
Dofenginemlofbutkels. 


""™' '^^"' 



iBiielh, Bniil4indepih. 

3U reTOluUoas.' " u o mu. i i iiig pc 

.—This ecgliic is Beared (oo slow, being bin SJ to 1 . 
. 3 (if 30 feel in ienglli. 13 feet in ividlh, end 3 in dep 
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PlLE-DItlVING. 

TJos-cowuessiNG engime. Drmng Itco PiUa. 
€f!nidtre. Two of B Inchss In dLameler by 18 Inches slroke. 



h lij 38 feel in lensUi- 
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HYDROSTATIC PRESS. 



C^udef. ID Inches In dlomeler by 3 fci 
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I'LOHR MILLS, 

FLOUR MILLS. 

At Bieknumd <Va.)- 
Wateb Wheels. Far 30 Berrelt of Flmirper Hour. 
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'I ABLE of ike Weights required lo glue different V, 
different Figures. 
Thb diameter of all the figures but the small he: 

inches, and the altitude of the cone 6.625 inches. 
The small hemisphere is 4,75 inches. 
The angle of the side of the cone and its axis 

25" 42' nearly. 
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From this table several practical inferences may be drawn, 
1. That the ri 
creasing bi 

S. The n 
the velocity, but gradually increasing n 
proportion as the velocity increases, 

3. When the hinder parts of bodies are of different forms, the n 
nistances are different, though the fore parts he alike, 

4. The resistance on the base of the hemisphere is to that on th 
convex side nearly as 3,4 to 1, instead of 3 to 1, as the theory as 
signs the proportion, 

5. The resistance on the base* ofthe cone is to that on the verte: 
nearly as 3.3 to 1. And in the same ratio is radius to the sine o 
the angle of the ineiinalion of the side of the cone to its path or axis 
So that, in ■■ ■ " - ------ ■ =- 
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MOTION OF BODIES IN FLTTIDS. 3U7 

angle of incidence, the transverse section being the same, instead 
of the siiuate of the sine, 

e. Hence we can find the altitude of a column of air, the pressure 
of which shall be equal to the resistance of a body moving through 
it with any velocity. 
Thus, let n = Ihe ateH of Ihe aecflon of Ihe body, similar (o any of llioae In Ihe 



Therefore, 8oi=:B,™flr = |X-iBUie allllude soueIii 1p feel 
rpsisloncc E Is 05 the seclion a, os by atllcle 1. 



BimllBi body. 

nipla, we take the convei side of tbe lorge hemisphere, whose restst- 

, or ol a velocily of 16 fesl per second, [hen R = .034, and i = l^R = 

la die nltitnde of the coluion of ni[ whose pcessute Is e^ual to the re- 

Hsphcilcal surface, »j!h a velocity of 16 feel. 

mpate the above altitude with thai which Is duo 10 the giTeo velocily, 

1=^16° :: 10: 4, the allilude doe 10 the velocily 16, wluch is near double 

that Is equal tbe pressure. And as the altitude Is propoKlotial to the 

le velocity ; Iherefore. In small veloclrtes the te^sUmce to any sphecl- 



Bullf the cylinSor be takeo, where re^stance E = 1.536, then 1= i^E=S,'.-I, 
which eiceeds the height 4, due to the velocity. In the ratio of 23 to 16 nearly. 
Ind the difference would be sUll greater if the body were larger, and also If ths 

If any hody move through a fluid at rest, or the flnid move againsi 
the body at rest, the force or resistance of the fluid against the body 
will be as the square of the velocity and the density of the fluid ; 
that is, R=:iiii'. 

For the force or resistance Is as the quantity of matter or particles strucli, raid thn 
velocity wltli which they are slruck. But Uie quantity or number of particles 



UOTION OP BODIES IN FLUiDS. 

miw, nr us llin cube of r^iits to Ihe cube of Itie sine ot Ihal ai 
ijf Iho angle nf inilinalioii. 



a plane, from u fluid u 



in or Uia flnld. wbom buee Is 



iDlhei 



rat litem 



/! body niusi Ml lo aequire ihai velocity. 

nco to a plana mnolng through a Ihild is Ihe same oa Iha Ibrce of tli< 

n with Iba muie velodly on lh> pluRO at rest. Bst the fncic oT iLi 



.■urdl«Brot«/,or?,w™be"-^. 

j, then ^^ = 16.03, the .|iuce a body would r<..qulre U fi.t] to ac 
y of 33.1(1 roBt pel' ^ocood; tbotefore, 1X63.5 [weight of a cubic foo 
Iba., tho TChoieieaibtance of the plane. 
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nil, the dlaiiiour boloff 4 
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ORTHOGRAPHY OF TECHNICAL TEEMS. 

Tub orthograpliy and use of the following terms are so variedin 
gunerai practice, that it is thought proper to treat of them, with a 
view lo eBtablishing an uniformity of expression. 

Abut. To meet, to adjoin to at the end, to border upon. 

Atignmenl. Setting to a line, a row, 

Arateague. Applied to painted and sculptured ornaments of im- 
.iginary foliage, in which there are no figures of animals. Synony- 
mous with Moresque. 

AsUar. Rough stones from the quarry. When faced and squared, 
they are termed sraooilt. 

Bagasse. Sugar-cane in its crushed state, as delivered from the 
rollers, 

Balusler. A small column or pilaster; a collection of them, join- 
jd by a rail, forms a balustrade. 

Bevel. A term for a plane haTing any other angle than 45° or 
90°. 



Bakr-stone. Mill-atone which is nearly pure silex, full of pores 

Cambooae. The coaking-room of a vessel, usually confined to mer- 
chant vessels ; in vessels of war it is termed Galley. 

Cag. A small cash, differing frflm a bairel only in its size. 

Calk. To stop seams and pay them with pitch, &c. To point 
an iron shoe, so as to prevent slipping. 

CfliB- An irregular curved instrument, having its axis eccentric 
to the shaft upon which it is fixed. 

Capstan. A vertical windlass, 

OaTavd. A small vessel (of 25 or 30 tons burthen) used on the 
coast of France in herring fisheries. 

Chamfer. A slope, groove, or small gutter cut in wood, metals, 
or stones. To chamfer is lo slope, to channel, or to groove. 

Chimney. The flue of a fire-place or furnace, constructed of 
masonry. 

Cbisse. To chinse is to calk slightly with a knife or chisel. 

Clincher buill. A term applied to the construction of vessels, 
when the lower edge of the bottom planks overlays the next un- 



.Google 



Coanangs. Raised borders around the ed^s of hatches. 

Cog In Mecha7iics, A short piece of wood or other material lei 
into the facea of two bodies, to impart motion one to the other. A 
[rrm applied to a tooth in a wheel when it is made of a diHeient 
material than that of the wheel. 

CQlter The fore iron of a plow, that cuts the earth or sod. 

t for describing ciiclea, 

3 building, connect- 
s running within a quad- 
rangle : it may he open or enclosed. In fortificatuma, a covert-way. 
Bamasquimfir. Inlaying in metal. 
Davit. A short boom dtted to hoist an anchor or boat. 

Dilatation. Expanding ; opposed to contraction. It differs Irani 
mtengion ; Ihus, a line may he exlcndcd, but a body is dilated. 
Doud. To fasten two boards or pieces together, by pins inserted 



fluid into vapor, speciQcally 
lighter than the atmospheric air. 

Felloe. The pieces of wood forming the cireumference of a car- 
riage wheel, into which the spoltes are inserted. 

PJange. A projection from an end or from the body of an iiiBiru- 
ment, or any part composing it, for the purposes of receiving, con- 
fining, or of securing it to a support or to a second piece. 

Fiap. To bind logelher with a ropo, as tofrap a fall or vessel. 

Farritig. In Carpcnlry, Strips of board or pieces of Joist lo sup- 
ply deficiencies of timber, or to prepare a fair surface for lathing. 

GaUery. Jn ArcMcclurc, A covered part of a bailding used for 
walking. 

Graving. Burning off grass, shells, Ac, from a ship's bottom 
Synonymous with Breaming. 

GMOimel. A. wreath or ring of rope. 

Jib. The projecting beam of a crane from which the puiieys and 
weight are suspended. A sail in a vessel. 

Keelson. The timber within a vessel laid upon the miiidln of thp 
floor timbers, and exactly over the keel. 

Laequcr, A spirituoua solution oflac. 

Lapsidcd. A term expressive of the condition of a vessel or any 
body when it will not float or set upright. 
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Milcred. In MerkarAij , Cut to an angle of 45°, or two pieces 
titmed so as to make a right angle. 

Maid. In Mechanics, A matriK in wliieh a casting is formed, 
Anumberof pieces of vellum or like substance, between which gold 
and silver are laid for the purpose of being beaten. Thin pieces of 
materials cut to curves or any required figure. In Nanal ArchiUc- 
ture, pieces of Chin boai'd out to the lines of a vessel's timber, r&c., &c. 

Fine earth, such as constitutes soil. A substance which forms 
on bodies in warm and confined ilamp air. 
Th^B OFIhi^niphy tu Ity aantogy, mgold, soti.old^botd, cold, fold, tLc- 

Motding. In Architechtre, X projection beyond a wall, rfiim ;i 
column, wainscot, &c., &c. 

Mortise. A hole cut in any material to receive the end or tenon 
of another piece. 

Ogtc. A molding with a concave and convex outline, like to 
lin S. 

Peek. Tlie upper or pointed c 
or a yard set obliquely to a mast, 
pendicularly to a maat. 



Piragua. A small vessel with two masts and boom sails. 

Plumber block. A bearing lo receive and support the joumai ol 
a shaft. 

Porch. An arched vesiiivU at tlie entrance of a building. A ves- 
tibule supported by columns. A portico. 

Porlko. A gallery near to the ground, the sides being open, A 
pinisza encompassed with arches supported by columns, where 
persons may waik ; the roof may be flat or vaulted. 

Rabbet. In Mecbamcs, To pare down an edge of a board or a 
plate for the purpose ofreceiving another board or plate by lapping. 
To lap and unite edges of boards and piates. The groove in the 
side of a keel for receiving the garboard strake of piank. 

Rarefaciion. The act or process of distending bodies, by separa- 
ting their parts and rendering ibem more rare or porous. It is op- 
posed to coadensation. 

lieent. In Mechanics, To bevel Out a hole, 

Reeming. The opening of the seams between the planks of » 
vessel, for the purpose ofcalking them. 

Rotary. Turning on an axis, as a wheel. 

Shimmy. Leather prepared from the skin of a chamois goal. 

Bhfer. In Nmal Archilectare, The Curve or bend of a ship's deck 
or sides. To sheer, to slip or move aside. 
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Signalled. Communicated by signals. 

Slue. To sltte is to turn a substance on an axis within its figure. 

Sponson. An addition to the outer side or the hull of a steam 
vessel, conimencing near the light water-line and running up to the 
jjuard. Used for the purpose of shielding the guard from the sboclt 

SponsffB sidsd. The hull of a vessel may be so termed when hec 
frames have the outline of a sponson, and the space afforded by the 
curvature is included in the hold. 



Stntl. An oblique brace to support a rafter. 

Swage. To bear or force down. An instrument having a groove 
nn ila ander side, for the purpose of giving shape to any piece sub- 
jected to it when receiving a blow from a hammer. 



Templet. In Masenry, A wooden bearing to receive the end of a 
girder. 

Tampion. The stopper of a piece of ordnance. The iron bottom 
10 which grape-shot are secured. 

Treenails. Wooden pins employed to secure the planking of a 
Ttv^el to the frames. 



Ga-md built. A term applied to the manne 
email boats, to signify that the edges of their bottiim planks are laid 
to each other like to the manner of planking vessels. Opposed to 
the terra clincher. 



CentToriwist. Conversely, opposite 
Oatiuuyf is a coiTupIioa cf this vrord. 

Draught. A rejiresentation by delmealion The depth which a 
vessel ov any floating body smkB mto water The act of drawing. 
A detachment of men from the main body, &c., &c., to. 
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Edgewise. An edge being put into a particular dirci;tioii. HeiicL', 
siidwise and side-wise hare similar significations with reference to an 
end and a side. 

(Icarmg. In Mechanics, a series of Methed ox cogged wheels fur 
traiismittii:^ motion. 

To ^ar is to prepare. To connect, as by an articuiution 

Tffiof/. An npriglit piece of tinilior, around wliioh winding stairs 

I'tavf. In <}eomclrij and Mcchaiiks. a surface which eoinoides 
with a right line. 

Uesiit. The residuum of the distillation of turpentine. 

SidewUe. See Edgcmss. 

Slanhnisf,. Oblique; not perpendiciilai. 

Sirakc. A breadth of plank. 

Sypkersd. Overlapping the chamfered edge of one planli upon 
llie chamfered edge of another, in sucli a mannor that llie joint 
^all be a plane surface. 
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